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[Text] A study is made of various multiprogram broadcasting systems combined
with other forms of communications; the advantages and disadvantages of the
various methods of creating triple-program broadcast channels based on the
existing overhead wire broadcasting networks are analyzed; a study is made

of the problems of interference and standardization of the quality indexes

of the channels and individual devices; a description is presented of the
station and subscriber equipment, monitoring and measuring instruments and
high-frequency devices.

The book is designed for engineering and technical workers involved with
the design, introduction, operation and maintenance of the triple-program
broadcast system.
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FOREWORD

In the Soviet Union, the triple-program wire broadcast system (TPB) has been
introduced in all large cities. In spite of the rapid development of

radio and television broadcasting, multiprogram wire broadcasting will in
the future be one of the prospective broadcast media.

The TPB system was developed by the Scientifiec Research Radio Institute in
in 1960. The system has recently received further development. Considering
the operating experience and the results of the investigations, new improved
transmitting and receiving devices have been developed, a set of monitoring
and measuring instruments has been built, and new high-frequency devices for
the wire broadcast networks have been developed.

However, the future development of the wire broadcasting network (WB) will
be greatly influenced by modern civil construction distinguished by the fact
that instead of the continuous construction of buildings of equal height,
local microdistricts with high-rise complexes of varying heights are being
organized. This is changing the structure of the WB network.

The overhead lines rumning on supports on the roofs of the variable-height
buildings present problems in construction and maintenance. Difficulties
will also be encountered in taking the line from one local microdistrict to
another as a result of the wide outside thoroughfares and streets.

A way out of the situation which is already realizable in practice is partial
or complete conversion of the distribution network to cable construction
using the city telephone exchange lines, the basements of buildings, service
corridors and the introduction of cable inserts in the overhead lines.

Accordingly, the question arises of rebuilding the WB networks and creating
new layouts for the city broadcast networks. It is possible to propose

that the development of a city wire broadcast system will proceed along the
path of combining the system with other communication networks.

In this book a study is made of the problems of building multiprogram broad-
cast systems combined with other forms of communications. The advantages
and disadvantages of various methods of building the TPB channels based on

2
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the existing overhead WB networks are analyzed, the problems of interference
and standardization of quality indexes of the channels and individual devices
are investigated, descriptions are given of the station and subscriber
equipment, the measuring instruments and high-frequency devices, and a study
is made of the measurement techniques and methods of tuning the devices.

The chapters and divisions of this book were written by the following:
Chapter 1, §§2.1, 2.2, 2.14, 4.6 by V. Ya. Dzyadchik; §§2.4, 2.5, 2.10~2.13,
4.1-4.5, 4.7 by S. A. Zaslavskiy; Chapter 3, §§2.3, 2.6-2.9, and Appendices
1-4 by V. Ya. Dzyadchik and S. A. Zaslavskiy jointly; and Chapters 5, 6, 7
and 8 jointly by B. N. Filatov and A. V. Shershakova. The book is designed
for engineering and technical workers of the maintenance enterprises, the
workers of the design organizations engaged in the introduction of the TPB
system and it can be used as a text for students in the middle and higher
communications schools.

The authors express their deep appreciation to the reviewer of the book
L. Ya. Kantor and the responsible editor V. I. Shanurenko for valuable

recommendations and suggestions.

Comments on the book shuuld be sent to Izdatel'stvo Svyaz' (101000, Moskva-
Tsentr, Chistoprudnyy Bul'var, 2).
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CHAPTER 1. MULTIPROGRAM WIRE BROADCAST SYSTEMS
1.1. Basic Characteristics of the MPB [Multiprogram Wire Broadcast] Systems

The wire broadcast system is the set of devices designed to shape and
amplify broadcast program signals and distribute them by means of a wire
distribution network to the subscriber receivers with subsequent conversion
of the electric signals to acoustic. A recessary element determining the
technical essence of such a system is the lines and line equipment, the
purpose of which determines the name of the given wire broadcast system.

Accordingly, the MPB systems can be based on the following wire distribution
networks: telephone communications, collective television reception systems,
the domestic broadcast network, and on the basis of an autonomous low-frequency
signal-program broadcast system.

Depending on the method of transmitting the broadcast program signals, two
versions of the MPB systems are distinguished: low-frequency and high-
frequency.

In the low-frequency version the signals of all programs are transmitted in
the initial low-frequency spectrum.

In the high-frequency version, the program signals are transmitted in the
form of modulated high-frequency signals.

With respect to methods of construction and use of the distribution network
the MPB are separated into the following: uncommuted systems using one
physical network to transmit the broadcast signals and other types of
information, the commutation type systems using one physical network to
transmit the signals of all programs and the commutation type systems using
several physical circuits for transmitting the broadcast systems and other
types of information.

Each system is characterized by another quality class and number of channels,

the frequency band used by the modulation method, the type of receilver and
the technical-economic indexes.
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1.2. MPB Systems Using Physical-and Artificial Large-Capacity Cable Networks

The structural diagram of the system using a multiprogram cable is illustrated
in Fig 1.1. On the transmitting side the broadcast signals are fed to the
line at comparatively high voltage (60 or 30 volts). On tue subscriber side,
the simplest receiver is used. This type of system is reliable, convenient

in operation and maintenance, but it requires a large number of physical
circuits in the cable equal to the number of transmitted programs.

. T €2) rl—‘:_m;dﬁ;_u) pfméeimun;:nua cems (5) _%7) \
(3)'|£;_,_ D ! . %E )
_ B e 1 762} xS

1 - & , gy - Ciew

Figure 1.1. Structural diagram of the low-frequency MPB system

Key: .
1. Repeater station 5. Distribution network
2. Igrogram 6. Subscriber sets
3. 1t rogram 7. To other subscriber sets
4. program

In practice the version of this system is used where along with the physical
networks artificial, so-called phantom networks are used (see Fig 1.2).

The operating principle of this type of system consists in the following:
the signals of four programs are transmitted from the repeater station to
the distribution network. Three programs are fed to the subscriber network
over three physical circuits. Program IV uses the physical networks of
programs II and III, and it is connected to the midpoints of the secondary
windings of the transformers Tpj. On the subscriber side the signals of
program IV are picked up from the midpoints of the primary winding of the
TPy transformers. In order to create the phantom circuit chokes are more
frequently used. With a complete equivalent circuit from the point of view
of symmetry and equality of the halfwindings of the transformers Tpz and Tpy
- the magnetic fluxes created by the signals of program IV and the voltage

as a result of asymmetry are equal to zero in the circuits of programs II
and III.

The subscriber network is made up of a four-pair cable. In each subscriber
set a program switch I is provided by means of which the corresponding
program is selected. However, considering the high signal voltages in
such a system, careful symmetry is required. Asymmetry of the circuits
caused by deterioration of the state of the cable (for example, as a result

5
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Figure 1.2. MPB system using physical and artificial large-
capacity cable networks

- Key:
1. Repeater station 7. Subscriber sets
2. Distribution network 8. Subscriber network
3. IErogram
4. 1 rogram
5. program
6. program

of a change in insulation resistance) and also failure of the transformers
will lead to a decrease in the crosstalk attenuation between them. An
important difference between the phantom circuit and the physical circuit

is that they have different primary equivalent parameters. By comparison
with the physical circuit, the resistance of the phantom circuits is
approximately half; the inductance is approximately a third, and the
capacitance of the line is approximately threefold. This leads to the fact
that the frequency characteristic of the phantom circuit is worse than that
of the physical circuit. In addition, as a result of increased capacitance,
overleading of the terminal stages of the program repeaters is possible.
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Fig 1.3 shows a version of a phantom circuit which eliminates the indicated
deficiency.
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Figure 1.3. Version of the MPB system using the phantom circuit

Key:
1. Repeater station
2. Choke
3. Transformer
4,

To the subscriber sets

The signal voltage at the beginning of the phantom circuit is cut in half
by comparison with the ordinary circuit, and on the receiving side at the
subscriber their level is equalized. This is achieved by selecting the
corresponding coefficients of the output and subscriber transformers. As
a result, favorable operating conditions are created for the repeater, the
frequency characteristic of the phantom circuit improves, which now is
loaded on both ends by a corresponding lower load resistance. Im the given
_ system the phantom circuit is created by using four chokes with midpoints,
and the signals of program III are transmitted through it.

As illustrated in Fig 1.3, programs I and II are fed to two subscriber sets

A and B. When selecting programs I and II, the voltage is fed from the
- volume control Pp to the entire winding of the subscriber transformer Tpab

7
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(positions 1, 2 of the switch M). 1In the case of selecting a third program
(position 3 of the switch M) only part of the primary winding of the trans-
former is connected to the volume control. As a result, the subscriber does
not notice the difference in the voltages, independently of which circuit

is used, although only half the eignal level is fed through the phantom circuit.

The practice of creating phantom circuits indicates that the stable crosstalk
attenuation does not exceed 50 decibels (with a requirement of to 70 decibels).
It must be noted that the indicated version of the system can be used for
the single-element networks in the repeater-subscriber section. Its applica-
tion also on the existing distribution network is possible when it 1is

- necessary to increase the number of programs transmitted to the subscriber
distribution network. In this case only the subscriber network will be
changed, and the distribution lines will be kept the same.

1.3. Multiprogram Wire Broadcast System over the City Telephone Exchanges
General Information

Inasmuch as the MPB system is based on the city telephone exchange, measures
must be adopted to see that they are completely compatible technically

= and organizationally. When building the MPB system, the following require-
ments are imposed on it:

1) Introduction of it nust not interfere with the telephone circuitry or
have any noticeable effect on the quality of the telephone conversations;

2) The MPB system equipment must not interfere with privacy of the tele-
phone conversatiorn; .

3) The MPB system must be designed so as not to introduce significant
changes into the telephone and office equipment.

Commutation Type MPB System

- Inasmuch as each subscriber line is used little in «ime, the idea has come
up to use the telephone system to transmit broadcast programs. In order
to create such a system, low-frequency repeating equipment has been
installed at the automatic telephone offices [12] for each WB channel, and
station switchboard equipment has also been installed. A receiver made up
of a program selection unit, low-frequency repeater and loudspeaker is
installed at the location of the telephone network subscriber. The program
is dialed similarly to how this is dome in telephone communications, as a
result of which the subscriber telephone line is disconnected from the
telephone distributing frame and it is connected to one of the broadcast
repeaters. By using this techmique, the telephone network is used both
for telephone conversations and for broadcast jointly, but not simultaneously.
In order to eliminate the interference of the broadcast program signals
on other telephone circuits the voltage of the broadcast signals is

8
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kept small, and their amplification occurs in the subscriber receiver.
However, the gain of the receiver must be so small that it does not inter-
fere with privacy of the telephone conversations. The danger of hearing
telephone conversations increases with a decrease in the crosstalk attenua-
tion between the cable circuits. A significant disadvantage of this system
is the fact that the subscriber is offered the possibility of using the
network to obtain only one type of information in each time interval:

when a telephone call comes in the subscriber must interrupt the broadcast
- transmission.

Fig 1.4 shows a system which implements the indicated MPB system. This
version of the system was proposed in the USSR in the 1930's by

A. V. Vinogradov, but it was not implemented at that time as a result of a
number of technical deficiencies.
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Figure 1.4. Schematic diagram of low-frequency WB over a
telephone line with program selection

Key:
1. Subscriber 8. Program selection relay
2, Telephone line 9. WB program repeater
3. Telephone 10. MPB receiver
4, MPB 11. Low-frequency repeater
5. Mode of operation relay 12. MPB program switch
6. To the connector
- 7. To the preselector

_ High-Frequency MPB System

The procedure for using the telephone network for each system consists in
transmitting the broadcast programs on the high-frequency band.
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Let us consider the factors which must be considered in creating such an
MPB system. First, it is necessary to consider the possibility of broad-
cast interference from the telephone systems as a result of the station
switching equipment and the subscriber dials. Low-frequency filters
connccted on both cnds must attenuate the effect of this interference in
the occupied broadcast band.

Second, interference is possible from the radio broadcast statioms, the
level of which determines the minimum signal voltage at the subscriber.

Thirdly, it is necessary to consider the different attenuation of the side
frequencies causing noticeable nonlinear distortions. For efficient use of
the AM repeater power, all of the lines connected to the telephone office
are grouped depending on the length of the line, and each group has the
required level of high frequency signals at the input to maintain a
sufficient signal level at the end of the line [12].

The schematic illustrating the principle of the comstruction of a high-
frequency wire broadcast system is presented in Fig 1.5. Transmitters

each with its own program, are installed at the telephone office. The
broadcast programs can reach these transmitters from the informaiion sources
by various paths.

The high-frequency signals from the transmitters are fed to common buses and
by means of the station connection filters (SCF), to the subscriber tele-
phone lines. The station comnection filter contains high and low-frequency
filters commected in parallel. The low frequency filter does not pass the
MPB siznals, and it also eliminates the effect of the interference caused
by the commutation devices of the station. The high-frequency filter
prevents penetration of the low-frequency signals into the high-frequency
equipment. The subscriber filter (SF) is installed at the end of the
subscriber telephone line. It is also made up of high-frequency and low-
frequency filters having analogous purpose. The terminal receivers are
connected to the corresponding output. In order to simplify the station
connecticn filters and the subscriber filters, inasmuch as they are an
important element of the system, the frequency band occupied by the MPB
signals must be selected as far as possible from the frequency band occu-
pied by the telephone channel. Considering the admissible damping on the
city telephone exchange lines and the possible use of radio broadcast
receivers, the frequency of the long-wave band is selected from 150 to

350 kilohertz.

Fig 1.6 shows the structural diagram of a six~-channel MPB system. The six-
carrier frequencies are modulated in the transmitters by the corresponding
signals of different programs, and they are transmitted through the filters
C —C6 to the wide-band high-frequency repeater or channel repeaters KY

i% greater power is required. The carrier voltage of each broadcast
channel is about 5 volts. When using signal-channel repeaters, it is

10
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Figure 1.5. Structural diagram of the high-frequency MPB system
based on the telephone network
Key:
1. Telephone office
2. City telephone exchange distribution lines
3. Subscriber
4. To the automatic telephone office selectors
5. Station connection filter

6. High-frequency filter 11. To the other subscribers
7. To the MPB receiver 12. Common buses in front of the MPB
8. To the telephone set 13. MPB transmitters

9. Low-frequency filter
10. Subscriber filter

possible to obtain a voltage of about 25 volts at the output of each
channel.

Depending on the length of the line, one wide-band repeater can feed up to .
several hundreds of subscriber lines.
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Figure 1.6. Schematic of low-frequenéy MPB
= Key:
1. Telephone network distributing frame 9. Repeaters
2. Distribution buses 10. Filter outputs
B 3. Station filter 11. Wide-band repeaters
4, To the switchboard equipment of 12. Distributing transformer
the telephone offices 13. To the other telephone offices
5. Transmitters 14. kilohertz r
6. Modulators 15. Low-frequency input
7. Filter inputs 16. Channel repeaters

8. ¢ = filters

-
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of the city telephone exchanges

Key:
17. Subscriber line 25. Switchboard
18. Subscriber sets 26. Matching device
19. Telephone with interference 27. MPB connection circuit
suppressor 28. Radio receiver
20. Fuse 29. MPB

21. Device for connecting the MPB 30. High-~frequency transformers
22. Receiver

23. Telephone with MPB program
selection device
24, Input filter
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The complex made up of six single-channel repeaters can be serviced by
several thousands of subscriber lines.

On the receiving side the MPB signals can be picked up on a special receiver
or a long-wave band ratio broadcast receiver.

Fig 1.6 shows versions of the use of an ordinary radio broadcast receiver as -
the receiver. It is connected to the MPB network by a device made up of a

symmetric transformer and switch permitting conversion from reception over

the MPB network to radio reception by coaxial cable (the subscriber line 1). -
It is possible to connect several receivers to one subscriber line through

the matching device (line 3). If part of the subscribers use the services

of the MPB system of the switchboard type, and it is necessary to send

high-frequency MPB signals over the same subscriber line, then in addition

to the matching device it is necessary to connect the low-frequency input B
filter in front of the telephone sets of the subscribers using the switch-

board type system (line 2). -

A special MPB receiver having high acoustic indexes can also be used. It
is constructed by the direct repeating scheme and is made up of filters
tuned to fixed frequencies, a detector and repeater.

Considering the organizational principles of the MPB system over the

telephone network it is possible to note that the filters introduced on

both ends of the line are important elements providing for the absence of

influerce of the systems on each other (the telephone and broadcast systems). -
The introduction of the filters increases the ohmic resistance of the lines

for the telephone systems with centralized feed, it increases the damping

of the low-frequency telephone conversation signal. The attenuation in

the low-frequency filters must not be more than 0.2-0.25 decibels. In this

case the quality of the telephone conversation transmission will not be

negatively affected. On the other hand, as was pointed out earlier,

privacy of the telephone conversations must not be disturbed. In Fig 1.6

it is obvious that the voltages of the high-frequency signals are fed to a

common bus to which the high-frequency station filters are connected. Thus,

the subscriber lines connected to this bus are connected to each other -
through the low-frequency station filters, and there is a danger of intelli-

gible crosstalk.

In order to avoid mutual influence between the subscriber lines, the
equivalent resistance of the distribution transformers on these frequencies
is made small. The attenuation on the low-frequency station filters on

the order of 90 decibels is entirely sufficient to guarantee impossibility
of hearing intelligible telephone conversations even with the help of
repeating equipment. It is possible to hear conversations only in an
emergency when all of the low-frequency filter coils are short-circuited.

14

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

FOR OFFICIAL USE ONLY

Figure 1.7. Structural diagram of the construction of the
MPB system over the city telephone exchange lines
(without junction formation):

1 —- central wire broadcast station; 2 -- terminal wire broad-

cast station; - connecting lines of the city telephone

exchange used for MPB; - - - connecting lines of the city

telephone exchange used only for telephone communications

Key:
1. automatic telephone office

Depending on the structure of the city telephone exchange, two versions of
constructing the high-frequency MPB system are possible. The first version
is for division of the city telephone exchanges into districts constructed
by simple junction formation by the principle of "each-to-each" couplings
between the automatic telephone offices. The second version is with
complex junction formation of the city telephone exchanges of large cities
with several simple networks of district city telephone exchanges. The
structural diagrams of such MPB systems are presented in Figures 1.7 and
1.8 respectively. The MPB system uses frequency multiplexing of the
connecting lines between the automatic telephone offices and the subscriber
telephone lines in both versions. The multiplexing of the comnecting lines
is provided for over a separate pair in the interoffice communications
cable isolated specially for this purpose. The subscriber lines are used
simultaneously for MPB and telephone conversations. In the first version

a central wire broadcast station is set up at one of the automatic telephone
offices, for example, 1. The broadcast program signals are fed to this
automatic telephone office from various sources: the radio broadcast
equipment room; from local studios and isolated receiving stations. In the
second version the central wire broadcast station is equipped either at an
automatic telephone office or at the incoming communications junction (3,4).
The terminal wire broadcast stations which service the subscriber network
of the given automatic telephone office are set up at the remaining auto-
matic telephone offices (2).

The structural diagram of the equipment for the central wire broadcast
station is presented in Fig 1.9. It includes the following: program
sources 1, a transmitter complex 2 made up of modulators for each program;
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band filters 3; multichannel repeaters 4 and high-frequency matching
transformers 5. The multichannel repeaters can be installed to feed
several connecting lines or one having high attenuation. In additionm,
terminal wire broadcast station equipment with single-channel repeaters 7,
with band filters 3, station subscriber filters 6, the number of which is
equal to the number of multiplex subscriber lines, is set up to feed the
subscriber lines of the given station.

Figure 1.8. Skeletal diagram of the MPB network over the
city telephone exchange lines (with junction
formation):

1 -- central wire broadcast station; 2 -- terminal wire broadcast
station; 3,4 -- intermediate wire broadcast stations; connect-

- ing lines of the city telephone exchange used for MPB; - - -
connecting lines of the city telephone exchange only for telephone
communications

a. low frequency

b. automatic telephone office

c. UIS -- outgoing communications junction; UVS -- incoming communications

junction :

With respect to the isolated physical circuits (the connecting lines)
between the automatic telephone office from the repeaters 4 to all other
ATS-2 [automatic telephone offices] high frequency broadcast program
signals are fed. In order to equalize the broadcast signal attenuation in
the different channels, equalizing circuits are installed at the end of
the line. The structural diagram of the terminal wire broadcast stations
is presented in Fig 1.10. After correction (the equalizing circuit 1)
the high-frequency signals go through the band input filters 2 to the
single-channel repeaters 3 where they are repeated to the required level
and are added by means of the signals in a common load in the form of high-
frequency transformers 4. Then after grouping, the signals are fed to the
station subscriber filters 5 for distribution over the subscriber lines
running to the automatic telephone office distributing frame.

16

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

FOR OFFICIAL USE ONLY

1) @ 3 (2)
w K emanquonwouy
shapydolarun AT

s (3)

.f(5) PRI

H
§
R [

V[
=
i
|
|

o
[ R R
-8
l

4
:

&
g

N ,_[: ")

__:.:._:hI:Z: [ _1

Figure 1.9, Structural diagram of the equipment for the central
wire broadcast station for MPB over the city
telephone exchange located at the automatic
telephone office
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Key:
1. connecting line
2. to the station equipment of the automatic telephone office
3. automatic telephone office distributing frame
4. low frequency
5. high frequency
6. subscriber line
7. program

For the city telephone exchange with complex junction formation (Fig 1.8)
where the junctions for the incoming and outgoing communications exist

by means of which communications are realized between the groups of
district automatic telephone offices located in various junction districts
another station object is introduced -- the intermediate wire broadcast
station -~ which is organized in the incoming or outgoing communications
junctions. The structural diagram of the intermediate wire broadcast
station equipment is presented in Fig 1.11. The high-frequency amplitude-
modulated signals are fed over one of the interstation communication lines
in tandem through the intermediate wire broadcast station to the frequency
equalizer, and after repeating they go over the connecting lines to the
automatic telephone office or to the communication junctioms.
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Figure 1.10. Structural diagram of the equipment of the terminal
WB station for MPB over the city telephone
exchange located at the automatic telephone office

Key:
1. connecting line
2. switch
3. to the station equipment of the automatic telephone office
4, automatic telephone office distributing frame
5. low frequency
6. high frequency
7. subscriber line
8. subscriber

When the equipment of the central wire broadcast station is located at ome

- of the communications junctions, the structural diagram varies, and only
the terminal wire broadcast station is set up at all of the automatic
telephone offices. .
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Figure 1.11., Structural diagram of Figure 1.12. Circuit diagram
the intermediate wire broadcast station of the receivers
equipment placed at the outgoing communi- Key: 1 —- group rectifier;
cations junction (incoming communications 2 -~ subscriber set; 3 --
junction) low-frequency filter; 4 —-
Key: 1 -- connecting line high-frequency filter; 5--
2 —- switch : connecting line; 6 -- telephone
18
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From the investigation of the indicated diagrams of the MPB system it follows
that it turns out to be rigidly connected to the telephone communications
system. Common station and line equipment are used. However, in order to
recelve the MPB broadcast program signals it is necessary to be a telephone
network subscriber.

As was demonstrated in Fig 1.6 there is a method of feeding the broadcast
_ signals to several subscribers over one telephone pair. The subscriber
uses an individual receiver with autonomous feed as the receiving set.

The system using the subscriber line for simultaneous feed of the high-
frequency programs and feeding the subscriber sets from a common rectifier
is also of interest. This type of system is presented in Fig 1.12.

For simplification of the subscriber set under new conditions when semi-
conductors are being widely introduced, it can be expedient to use the
group rectifier and the autonomous network for simultaneous feed and
supply of the MPB signals.

As is obvious from Fig 1.12, the MPB signals are fed from the automatic
telephone office over the connecting line to the telephone. Simultaneously,
this line is also used for telephone communications; here the telephone is
connected by the usual method. Through the special device -- the high-
frequency filter shown in Fig 1.13 — the MPB signals are fed to a common
autonomous network into which the feed by direct current is also input.
Requirements are imposed on the high-frequency filter —- to connect the
two networks electrically and not pass low-frequency speaking signals and
call signals to the autonomous network. The direct current feed goes to
the autonomous network from the group rectifier through the low-frequency
filter (Fig 1.14). The rectifier is fed from the household electric net-

work. -
o
| .
| @AY’ )
L_.l_)_'?ﬂ'_.i__l -
Figure 1.13. Filter circuit ¢ .gram
Key:

1. high-frequency filter

For reception of high-frequency MPB signals, the subscriber set is used,
the simplified schematic diagram of which appears in Fig 1.15. The high-
frequency signals are fed through the high-frequency input filter to the
detector and the low-frequency repeater. The constant feed voltage is

fed to the repeater of the subscriber set through the low-frequency filter
which does not transmit the MPB signals inasmuch as it has greater attenua-
tion with respect to high frequency. The attenuation is insignificant for
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direct current. The expediency of creating the investigated autonomous
network is especially obvious 1f the repeater in the subscriber set is
made from transistors. It 1s necessary to have only one voltage rating --
for operation a DC voltage to 50 volts is sufficient. The networks with
this voltage simplify the satisfaction of the safety engineering conditions,
. and therefore they can be made of cheaper materials. On the other hand
- the receiver is also simplified. It does not contain circuits under
As a result,
the structural design is simplified, and the subscriber set becomes
cheaper. In the subscriber set designed to receive several programs, a
switch is used. A deficiency of the investigated system is dependence of
the operation of the MPB receiving network on the state of repair of the

dangerous voltage, and the feed unit is absent in general,

autonomous feed network.

£3)

(&)

— YHY

X v )

Figure 1.14. Diagram of a group Figure 1.15. Structural diagram

rectifier of the receiver
Key: Key:

1. group rectifier
2. low-frequency filter

input

detector

W

low-frequency filter

. low-frequency repeater

1.4, Switchboard Type Multiprogram Broadcast Systems Based on the

Television Distribution Network

At the present time in the Soviet Union and abroad there is a great deal
of interest in cable television systems. This is connected with the fact
that the problem of improving the quality of television broadcast and
increasing the number of programs is difficult to realize as a result of
"crowding of the airwaves." In addition, microwave television finds it
difficult to get along with the new civil construction with its multi-
story complexes of different heights constructed from reinforced concrete,
as a result of which the so-called "television shadow zones" and multiple
repeated reflections of the high-frequency television signals appear.
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in addition, the movement away from individual antennas is connected with
the esthetic requirements of architecture. Collective cable television
systems are appearing on the scale of the individual buildings, the
individual block and microdistrict of the city.

Fig 1.16 shows the structural diagram of a WB system constructed on the
basis of the television distribution network made of a large-capacity
symmetric cable for tranmsmitting low-frequency broadcast signals, It i1s
designed for simultaneous transmission of the broadcast signals and the

television signals to a large number of subscribers over one physical network.
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Figure 1.16. Structural diagram of the low-frequency MPB over
the television distribution network
Key:
Source of television signals
From the television and sound broadcast signal sources
Distribution network
From the sound broadcast signal sources
Source of broadcast signals
Subscriber comnection circuits
To the subscriber broadcast equipment
To the subscriber television equipment

ol e W B KA
e e+ & e e e e+ o

The investigated MPB system must provide for transmission of television

and broadcast signals along the distribution line without noticeable
attenuation and absence of their mutual effect. In addition, the great
difference in frequency simplifies its realization. At the beginning of
the line only the sound broadcast signals are fed to one pair in the dis-
tribution network made up of a large-capacity cable, and the television

and wire broadcast signals are fed to the others by means of the connection
circuit which in the simplest case can be made up of an induction Lj and

a capacitance Cl'
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The subscriber connection circuits which can service one or several
subscribers are used for connection to the distribution line. The inclu-
sion of the subscriber connections increases the attenuation of the line;
therefore the requirement of decreasing the effect of the low-frequency
devices on the television signals and vice versa is imposed on it.

The diagram of the subscriber connection circuit is depicted tn Fig 1.16.

It contains the inductance Ly and the capacitor C,. For low-frequency
signals the resistance of the inductance of the subscriber connection
circuit is of significarre. For high-frequency signals the device is a
high-frequency transform -, This type of device provides for connecting

one or several subscribe. sets without a significant increase in losses to
the high-frequency lines. Each individual pair of the large-capacity cable
has its own sound broadcast and television program transmitted over it.

For selectionof the program a multiposition switch is used on the subscriber
end.

The use of individual circuits for transmitting each program offers the
possibility of transmitting television signals of different programs on

one carrier frequency, getting along without selective circuits -- it makes
it possitle to simplify the receiver and to use an ordinary nonspeaker

for the sound broadcast programs. Thus, the advantage of the switchboard
system is the possibility of using relatively low-frequency symmetric

cables and simpler subscriber sets. This type of MPB system has found appli-
cation in England.

The investigated MPB system makes it possible to use the simplest broadcast
receivers without amplifying (active) elements in the channels, and it
offers the possibility of using coaxial cable as the distribution line,

for example, to create a matched television and WB network in an apartment
building.

There are MPB systems which provide for the possibility of all-around use
not only of the distribution network, but also other elements and junctions
of the system, for example, transmitting station equipment and receiving
subscriber sets, as a result of which the system elements, and in particular,
the receiver, are simplified. A version of such a system is depicted in

Fig 1.17.

The distribution network is made up of the 1,2 large-capacity cable. Two

= different television programs are fed to two physical circuits shielded

_ from each other, on the same frequency; the sources of the sound programs

' which can be sound accompaniment of television programs and simply broad-
cast programs, are connected to the circuit simultaneously.

The station equipment of the system includes the carrier frequency generator
I on 6 megahertz. The output of the generator is fed directly through the
buffer stages to two modulators to which the signals come from the video
program sources in the range from 0 to 3 megahertz. The modulated signal
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in the 3~9 megahertz band is repeated and is connected through transformers

to the first and second cable pairs respectively. The sound frequency

signals or sound accompaniment of television programs goes through the
connection circuit to the secondary windingsof the transformers and is
transmitted over the same pairs. The other cable pairs are only used for
broadcasting. In order to decrease the attenuation of the high-frequency
signals along a long distribution line, repeaters are installed. In this

case a bypass consisting of an inductance L, is provided for the low-frequency
signals.

The subscriber comnection circuit can be connected before and after the
repeaters, and it has a circuit analogous to the previously investigated
one. The subscriber equipment contains a high-frequency repeater, a video
signal detector and other television receiver elements. The loudspeaker

for receiving the sound broadcast signals is connected through a transformer
to the primary winding of the high-frequency input transformer. By using
the switch I it is possible to select the first or second television pro-
gram or the sound broadcast program.

The investigated version of the system with the simplest subscriber equip-
ment is used abroad.

1.5. Multiprogram Wire Broadcasting in Foreign Countries

Wire broadcasting means are used by the residents of Austria, England,
Holland, Sweden, Switzerland and Spain. In spite of the presence in these
countries of a widely developed radio broadcast network, the interest in
wire broadcasting has not slackened and is explained by a number of factors.
Thus, in some countries it has become possible to use wire broadcasting
means to organize high-frequency multiprogram broadcasting in different
languages which is superior to radio broadcasting with respect to quality.

The MPB systems of England and Holland constitute an exception. Low-
frequency MPB systems are used there in which a special large-capacity
cable is used. In Holland, for example, two types of cables are used:
shielded four-pair cables with paper insulation and lead sheathing; shielded
four-pair cables with polyethylene insulation and sheathing., Four programs
are transmitted over these cables.

The combined broadcast and television program distribution networks have
found application which use symmetric large capacity cables covering the
frequency band to 13 megahertz. In England the number of subscribers to
such systems has reached 1.1 million. There is a similar network also in
Ziirich, Switzerland. Up to six broadcast programs are transmitted over
these networks.

In the rest of the above-enumerated countries, the high-frequency MPB system

over the telephone networks based on high-frequency symmetric large-capacity
cables has found broad application.
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The wire broadcast system which arose in Switzerland before World War IT
at the present time encompasses about 900 telephone offices and services
more than 450,000 subscribers. Since 1958 this type of system has begun
to be introduced in many cities of Italy and Spain (Madrid, Barcelona and
a number of other countries) where it encompasses 63 automatic telephone
offices and services about 750,000 subscribers.

The MPB system provides for program transmission of the first and highest
quality classes with a 20-15,000 hertz band. For reproduction: of programs
with such quality a special receiver must be installed.

Both radio broadcast programs and special programs are transmitted over
the MPB network. The exchange of programs is practiced between cities
along with transmission of high-quality musical recordings.

However, the high-frequency WB systems over the telephone networks, being
distinguished by high quality and operating stability, still have not
- found mass application.

Recently interest has arisen in the creation of complex cable television
and WB broadcast networks. Systems of this type are being developed at

the fastest possible rate at the present time, for they provide the largest
number of channels and will permit reception on ordinary radio receivers.
The broadcast and television signals take up a band of 40-300 megahertz.
Coaxial cables are used to create the distribution networks. Such systems
have begun to be introduced in many countries of Europe and the United
States.

Tn the United States, complex wide~band networks have been built on the
basis of the cable television networks since 1963. Telephone, television
signals, broadcast programs and data transmission signals are transmitted
over these networks.

The broad development of cable television systems in various cities over
which various types of information will be transmitted is proposed. However,
their realization requires the solution of many special organizational and

engineering problems and no specific results have as yet been achieved
in this respect.
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CHAPTER 2. TRIPLE-PROGRAM WIRE BROADCAST SYSTEM (TPB)
2.1. Structural Diagrams of the City WB Networks

The functional diagram of the WB system is presented in Fig 2.1. The
signals repeated by preamplifiers are fed from the program sources over
program transmission channels or commnecting lines to powerful repeaters
or transmitters where basic repeating of them takes place. Then the
signals go to the WB distribution network for transmission with given
quality indexes to the subscriber receivers.
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Figure 2,1. Functional diagram of a wire broadcast system
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Key:

Source of broadcast programs
Preamplifiers

Broadcast feed channels

Powerful repeaters and transmitters
. Wire distribution network
Subscriber receivers

.
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Thus, the wire broadcast system has three distinct sections (Fig 2.1).
The first section I is characterized by low broadcast signal levels., The
formation of the program and the transmission of the signal to the second
section II takes place in this section with given quality indexes.

Basic repeating (obtaining of the defined power) of the broadcast signal
takes place in section II with minimum distortions for the low-frequency
outgoing signal  and commutation of it to the distribution network.
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The third section is the fastest section III. This is the wire distribution
network which realizes distribution of the broadcast signal power over the
cable or overhead line networks to the subscriber receivers, without intro-
ducing noticeable distortions into the quality indexes of the broadcast
signal.

The receivers are passive subscriber units -- loudspeakers, which convert
the electric signals to acoustic signals, or special receivers with active
elements. The subscriber sets are designed for the use of a defined power
of broadcast signal and reproduction of it with given quality (acoustic)
indexes.

There are several versions of constructing the city WB networks. They all

" have the above-enumerated functional sections, but they are distinguished
by the volumetric indexes: the number of service subscribers, the number
of program feed channels, the extent of the connecting lines for the first
section, the number of stations, the power of the repeatérs :and transmitters
and their nuwber, the presence of passive power distribution elements and
the number of transformer substations, the different types of distribution
lines and their volumetric indexes for the third section and also types of
subscriber sets used.

The investigation of the development of the WB [wire broadcasting] in the
cities indicates that the first and third sections have changed little.
Great changes have occurred in section II. The basic purpose of these
changes has been most advantageous distribution of the active elements

of the network over the territory and insurance of mutual redundancy of the
active and passive station equipment [3, 4, 5, 7].

Depending on the structure of the station and line installations of the
WB network, they are divided into several types distinguished by their
structure. It is necessary to point out two types of indexes which
determine each WB network. The first type characterizes the electrical
data of all the elements and assemblies in the final analysis influencing
the quality of the electroacoustic parameters. The second has no influence
4 on the quality, but characterizes the structure -- complexity of the net-
work.

Let us assume that the electroacoustic data must not depend on the type or
complexity of the network and must be insured in equal measure for the
subscriber. This is insured by calculating the elements according to the
recommended procedure and the electrical design standards. Let us consider
only the volumetric indexes characterizing the structure.

The simplest diagram of the city network is presented in Fig 2.2. The
following are indicated in the diagram:

E YC -- WB repeater station. The complex of repeating, transmitting and
commutation equipment (the transmitters of programs II and III of the
TPB networks) is characterized by the type of repeating equipment and the
complexity of the commutation equipment;
27
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P® -- the distribution feeder line. The number of distribution feeder lines
depends on the number of service points and density;

AT -- subscriber transformer. The number of subscriber transformers depends
on the number of service subscribers and the density of the load;

}IS; -- intrabuilding distribution network characterized by the wire length
and number of subscriber sets;

AY -- subscriber set;

LICIIB - central wire broadcast station realizing preamplification of the
broadcast program signals, feed of them to the repeater station and providing
for the functions of monitoring the entire WB network. It is combined
with the WB repeater statiom.

Thus, the structure of the network is characterized by the following data:
the number of connecting lines of the central wire broadcasting station

to the repeater station; the number of repeaters (transmitters); the
operating power P required to service all of the subscribers; the number of
distribution feeder lines; the number and power of the subscriber trans—
formers; the number of service subscribers N.

‘ ——1
lr yens || (»

P (5

— -yo(ﬁ_i
(2’;——--&) (2) :
v 7 AT AT (1)
r - .
=
O—wohma—0 |
Ry "
L F ol
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Figure 2.2. Diagram of the centralized WB network
Key:
1. Subscriber transformer 6. Repeater station
2. Distribution feeder line 7. Subscriber set
3. Central wire broadcast station 8. Intrabuilding networks
4, Program feed connecting line
5. Remote control and remote

monitoring connecting line
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Figure 2.3. Diagram of the centralized WB network
with two-step power distribution

_ Key:
1. Central wire broadcast station
2. Remote control and remote monitoring connecting line
3. Transformer substation
4. Repeater station

‘ 5. Distribution feeder line

_ 6. Main feeder

7. Transformer substation

This type of wire broadcast network is called a centralized wire broadcast
network. It is characterized by the fact that the equipment performing
the function of the central wire broadcast station, as a rule, is in the
same facility with the repeater equipment and the switchboard equipment of
the repeater station. The network has only one active broadcast signal
power distribution junction.

Fig 2.3 shows a more complicated structure of the network invhich the
following are indicated:

.CJITI - program feed connecting line; number of them depends on the number
of programs and the number of repeaters and transmitters of the auxiliary
high-frequency programs installed at the repeater station;

(:JITT(- remote control and remote monitoring connection line; the number of
lines is determined by the number of controlled objects. In the given case
with invariant active station part of the system, the form of the power
distribution varies.

The power of the broadcast signals from the repeaters and transmitters of

the repeater station goes to several local distribution networks via the
passive distribution junctions of the transformer substations.
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The line connecting the active distribution junction of the repeater
- station to the passive junction of the transformer substation is the main
feeder line.

The transformer substation is the station passive equipment complex which
Is used to transmit the power to the distribution feeder lines.

The power of the transformer substation is determined by the number of
distribution lines, their structural specifications and magnitude of the
load. In order to control trhe remote monitoring of the operation of the
transformer substation, connecting lines are used.

The distribution network remains unchanged and is similar to the distribution
network of the system in Fig 2.2. Inasmuch as all of the notation adopted
previously is kept for all layouts of the network and the distribution
network is identical in structure, hereafter it will be designated simplified.

The wire broadcast network is called centralized with two-step power
distribution when it has one active power distribution junction and several
passive distribution junctions. The central wire broadcast station is
territorially combined with the repeater station, which is illustrated in
the diagrams by the dotted line.

Since the main feeder line operates with increased transmission voltage,
the range of the system is expanded. The voltage is stepped down at the
transformer substation using special transformers. Additional indexes

appear in this network: the number of transformer substations, the main
feeder lines, the remote control and remote monitoring connecting lines.

Fig 2.4 gives the diagram of the WB network in which its station part is
altered by comparison with the previously investigated one (Fig 2.2).

In the given case the power Py, required for normal operation of the entire
network is distributed among several objects of the repeater station with
different value of it. In this system the network structure is characterized
by two additional indexes: the repeater station power and the number of
repeater stations, and it is called the decentralized network.

The powerful repeaters are installed separately in several territorially
separated repeater stations which receive the broadcast program signals
over connecting lines from a single centralized repeater station (the
centralized wire broadcast station) which can be combined with one of the
repeater stations. Here the WB network has several active station power
distribution junctions in its makeup.

Fig 2.5 shows the layout of the network with further complication of the
structure. The broadcast program signals from the central wire broadcast
station (as a rule, isolated) are fed to several reference repeater sta-
tions at which they are repeated to defined powe and are distributed by
means of the transformer substations throughout the serviced territory.
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Figure 2.4. Schematic of a decentralized WB network

Central wire broadcast station

Program feed connecting line

Remote control and remote monitoring connecting line
Repeater station

Pop

Distribution feeder line

Figure 2.5. Schematic of the decentralized WB network with
two-step power distribution

Remote control and remote
monitoring connecting line

of the transformer substation
Reference repeater station
Main feeder

Transformer substation
Distribution feeder line
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In this network layout there are main feeder lines which connect the
transformer substations to the adjacent repeater stations of the reference
repeater stations. This method of transmitting the signals to the trans—
formers substation is called two-way feed of the transformer substations.

On failure of the main feeder which is feeding the transformer substation
at the given time, the distribution network of the given transformer sub—
stations switches to another feeder which has been in reserve up to this
time.

On failure of the reference repeater station, the transformer substation
switches to other reference repeater stations. At the repeater stations
provision has been made for additional power Preserve both in the form

of a separate powerful repeater or transmitter and in the form of a reserve
of installed power of the repeaters or transmitters of the reference
repeater stations. Continuous operation of the network is insured in this
complex structure.

The city network constructed by this principle is called a decentralized
network with two-step power distribution of the broadcast signal; in
practice it is frequently called the improved three-element system. The
network has several active and passive power distribution junctions. The
WB distribution network for this structural layout remains unchanged in
theory.

In the investigated WB network, several other indexes are being added:
the number of repeater stations of the reference repeater station; the
number of reserve main feeder lines; the powers of the repeaters of the
reference repeater station -- operating and auxiliary (used for reserve
for the repeaters in the given station or the repeaters of adjacent
reference repeater stationms).

Each investigated layout of the network has its own advantages and dis-
advantages. The advantages of the centralized networks can include the
following: the construction of the station in one location (where it is
easier to insure an uninterrupted power supply), simplification of the
redundancy of the active station transmitters, monitoring devices, power—-
ful repeaters and their maintenance.

Deficiencies include the following: complexity of the distribution network,
longer lines and less efficiency correspondingly, less operating stability
of the WB network as a whole.

The advantages of decentralized system include the following: high operating
stability under emergency situations with high efficiency of the distribu-
tion network, simultaneous simplification and shortening of the distribu-
tion lines and improvement of their operating reliability. The

deficiencies include the following: greater complexity of the. operation
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and maintenance of the station devices and difficulty in insuring autonomous
power supply sources. However, the last deficiency is felt less and less
in practice, for the reliability of the city power supply has increased.

The modern city WB networks are aimilar to those described, and, as a rule,
they are In the [orm of a set of the described systems and vary in uccordancc
with the development of the given city.

It must be noted that unfortunately there are no strict calculated bases
for the selection of one version or another, and the remaining, it would
appear to be obvious, principles frequently turn out to be contradictory.
Thus, centralization of the active station objects is convenient for opera-
tion and maintenance, but it implies the application of long distribution
lines having increased attenuation and frequency distortions. The applica-
tion of one powerful, high-power repeater is more advantageous with respect
to expenditures of equipment and maintenance than several low-power
repeaters. However, in a number of cases, considering redundancy, this
leads to an unsubstantiated increase in the installed power of the repeater
stations. Therefore, the choice of the optimal WB system must be preceded
by technical-economic calculation of several versions of the station and
line structures.

2.2, Basic Principles of Constructing the Low-Frequency WB City Networks

The modern WB network in the cities is built considering optimal economic
and operating indexes in ac:ordance with the specific conditions, dimensions,
configuration of the city, the number of population, and the prospects for
civil construction.

) In the majority of cities in the USSR with a population up to 50,000 (with
a number of points to 10 to 15,000) predominantly centralized wire broad-
cast networks are being built with two-element distribution network. In

- this case all of the repeater, reception and switching equipment is concen-
trated at one station. The first. element of the network is the subsecriber
lines which feed the subscriber sets, and the second element is the
distribution feeder lines to which the building networks and subscriber
lines are connected through the step-down subscriber transformers. The
rated low-frequency voltage for the city feeder lines is 120 and 240 volts.

In larger cities (population to 150,000), centralized wire broadcast networks
are being constructed with mixed construction. In such networks, as a

rule, there is one WB station in which the basic power of the low-frequency
repeaters is concentrated. Several distribution feeder lines (from 5 to 20}
go out from the station to supply the subscribers of . the main residential
area of the city and vne to two main feeder lines with simplified type
transformer substation to feed the network located in remote parts of the
city. Sometimes high-voltage rural type feeder lines with a voltage of

480 to 960 volts are built to supply the network of adjacent populated

areas or the suburbs.
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In cases where the construction of the main feeder line is connected with
large expenditures or technical disadvantages, to feed the network of the
remote part of the city a repeater substation is constructed with remote
control and monitoring and program feed from the basic station, that is,

a decentralized network is created with two-element distribution network.

In the republic and the majority of oblast centers decentralized WB networks
are being built.

The station powers are distributed with respect to several reference repeater
stations. Each reference repeater station feeds several transformer sub-
stations with a sound frequency power of 5 or 7.5 kilowatts each through

the 960 volt main feeder lines. At the transformer substation the voltage

is stepped down from 960 to 240 or 120 volts and goes to the distributing
feeder lines which feed the subscriber network of the part of the city
serviced by the given transformer substation.

Redundancy in which each sound frequency transformer substation receives
two-way feed from two reference repeater stations over two main feeder

lines is characteristic of the system. Each of these lines can be operating
or reserve. When there is damage to one of these lines the automation
response, deenergizing the damaged line and the feed of the transformer
substation is automatically switched to the main line from the other
reference repeater station which is in a state of repair. In case of any
emergency with the reference repeater station (deenergizing, damage to the
connecting line or equipment), its load (transformer substation) 1is remotely
switched from the central wire broadcast station to the adjacent reference
repeater station by remote control equipment.

When it is impossible or economically inexpedient to build a reserve main
line, the reserve feed of the transformer substation located in a remote
part of the city is provided from the substation block in which the existing
repeater equipment is most frequently used.

The program feed to all the reference repeater stations, repeater stations
and substation blocks, the remote control of them and monitoring of their
operation and the operation of the transformer substation are centralized
from the central wire broadcast station over the so-called connecting lines,
for which the telephone pairs of the city telephone exchange especially
corrected and selected in the large capacity cables are used.

In Table 2.1 values are presented from the basic volumetric iridexes of the
city WB networks, excluding Moscow and Leningrad.

The analysis of the volumetric indexes of the city WB networks indicates
that for the majority of the city the average number of reference repeater
stations and repeater stations does not exceed 5. The average number of
main feeder lines (operating) emerging from one repeater station is equal

to three, and only in an emergency, on total failure of all of the repeaters
of the adjacent reference repeater station or the electric power supply
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Table 2.1

Values of index
Name of index Minimum Medium Maximum Units of measure

‘Power of the repeater

[*Translator's note: the Soviet name for a loudspeaker connected to a
local wire broadcast network. ]

station . 5 14.2 35 kilowatt
Operating power of the 2.4 4.4 5.2 kilowatt

transformer substation
Number of transformer sub- 1 3 6 pleces

staticns connected to

one repegter station in

the operating mode
Length of the main operating 1.7 4.4 7.6 km

feeders -
Length of the main reserve - - 13.0 km

feeder
Length of the distributing 1.5 - 6.0 km

feeder ¢
Number of subscriber trans- 5 - 40 pieces

formers per km of line 1 .
Load of the subscriber 22 43 97 radio points :

transformers =

network feeding it, the number of simultaneously included main feeder
lines can reach 6. The cases of a larger number are extremely rare.

In the cities with decentralized WB network and a three-element schematic

for constructing its linear part, the required installed power of the

reference repeater stations does not exceed 35 kilowatts, and in the minimum,

5 kilowatts, and the most frequently encountered, 15 kilowatts. The

reference repeater stations are made up of standard high-frequency repeaters -
with an output of 15 and 5 kilowatts, the commutation and auxiliary

industrial output equipment.

In Moscow and Leningrad, the reference repeater stations with a power of
60 and 30 kilowatts are widespread. They are equipped with repeater
modules with an output capacity of 30 kilowatts of specialized manufacture.

In the WB networks, light elements are used in large quantity; a standard
subscriber line armature has been built, all of the basic assemblies of
the structures have been standardized, the rated voltages in the various
elements of the channel have been established.

The main distribution feeder lines, the subscriber lines and the household
circuits are constructed on the basis of the specific planning and design.
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For construction there are clear technical recommendations. In Table 2,2
values are presented for the attenuations and the transmission coefficients
with respect to the power of sections of the WB channel and with respect

to the low frequency channel.

llowever, the optimal solutions for the single-program WB networks obtained
as a result of many years of generalization of experience, do not always
coincide with the requirements for the MPB system,

Table 2.2.
Attenuation Transfer co-
Segment of the channel of the efficient with

channel respect to power

Output of the active circuit — input 1.5 decibels 0.9
of the distributing circuit

Beginning-end of the distributing line 3 " 0.45
Primary winding of the subscriber 1/8 0.95

transformer -- output of the sub-
scriber network (household network)
Beginning-~end of the subscriber 1 decibel 0.98
line (household line) of the network
(at the end of the line)
Total attenuation 4 decibels -
Total power transmission coefficient - 0.38

2.3. Basic Principles with Respect to Creation of the MPB System

The necessity for creating the MPB system in the USSR was caused first of
all by the multinational structure of the population of the country, the
requirement of providing the WB listeners of the union, autonomous
republics, autonomous oblasts with full-value national programs without loss
of the union programs. In those parts of the country where broadcasting

is in one language, the introduction of MPB permits noticeable variation

of the transmission considering the interests of the individual population
groups.

The creation of the MPB has required the consideration of the state of the
technical level of the communication means and a number of social and
economic conditions arising at the beginning of the 1960's. These basic
principles are reduced to the following. A widely developed WB system has
come about in the country with a multimillion fleet of simple, cheap single pro-
gramreceivers (by the end of 1962, there were 32 million of them). The
system has recommended itself as sufficiently reliable for information
transmission, and it was for many subscribers the only source of operative
information and high-quality broadcasting. At the same time the city
telephone exchanges at that period were inadequately developed. Under these
conditions it would be most correct to solve the problem of MPB in the
USSR only by creating it on the basis of the single~program broadcast net-
work using a low-frequency channel.
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The next argument determining the mass nature and popularity of the MPB
system is the~cost of the subscriber receiver. It must not significantly
exceed the cost of the alngle-program loudapeakar and must he lems than the
cont o Lthe chedap radlo broadeast recelvers themselves., Only under wuch
condltfons is Lt possible to count on the mass production of the MPB system,

According to the economic requirements the MPB system must be introduced
with minimum capital expenditures and not cause significant additional
operating expenditures.

The end of the 1960's is characterized by broad application of electrovacuum
devices in all the technical means of air and wire broadcasting and the
beginning of use of transistors in the individual equipment developments
with low ourpat power, relatively narrow hand of reproducihle frequencies
and Tow qualtty Indexes,

Use of the single-program broadcast networks as the base for creating the
MPB system required mutually matched decision making between the existing
low-frequency channel and the auxiliary program channels of minimum possible
mutual loss for each of them.

The WB networks developed in the cities are different, and the MPB system
must be inscribed with minimum deviations in these versions of building the
networks. Requirements of insuring higher quality indexes than the indexes
achieved during radio broadcasting in the long and medium wave bands,
guarantees of given auxiliary program signal levels at all of the subscriber
WB points for various types of wires (bimetallic and steel), in the
presence of cable entries, for the distributing network of different con-
figuration (with different number of feeders, different extent of the
distributing feeder lines and different density of the subscriber trans-
formers) are imposed on the MPB system.

In addition, it is necessary to insure sufficient mutual protection between
the air broadcast and the WB systems. The introducticn of the MPB system
based on the single-program WB network requires the development of the
remote control and remote monitoring systems.

It is necessary to provide the MPB system with additional high-quality,
reliable sources and channels for transmitting the broadcast programs. The
discussed basic principles were adopted as the initial prerequisites when
creating the Soviet MPB system. .

When creating the MPB system it is necessary to determine the following:
number of transmitted programs, the carrier frequencies, the type of modu-
lation, the levels of the high-frequency signals in the WB channel consider-
- ing electromagnetic compatibility with the radio broadcast and communications
- systems, the versions of constructing the MPB system for the various ’
structural layouts of the WB network; the quality class of the high~-frequency
channels of the MPB system and standardization of them.
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- 2.4. Number of Programs, Carrier Frequencies and Type of Modulation

The indicated characteristics are completely determined by the possibilities
of the single-program wire broadcasting system and obtaining the minimum
cost of the subscriber receiver. The transmission of the low-frequency
signal at high levels over the overhead wire network determines the possible
range of frequencies for creating additional channels. This frequency
range is bounded below by the frequency spectrum of the low-frequency pro-
gram with upper normalized frequency with respect to quality class I of

10 kilohertz, and it is bounded at the top by the beginning of the long-
wave band -- a frequency of 150 kilohertz. Considering the high signal
levels of the low-frequency program and, consequently, the significant
levels of the harmonics of the low-frequency signal, it is necessary to
separate the spectra of the high~frequency signals from the low-frequency
signals.

Theoretically, considering the possible filtration of the harmonics of

the low-frequency signal at the output of the low-frequency repeater of
channel I, it is possible to use the frequency range beginning with

30 kilohertz. In adopting the frequency range to the beginning of the
long-wave band of 10 kilohertz, it is possible to consider that for fre~
quency multiplexing of the WB system there is a frequency band of 30-140
kilohertz. When transmitting programs with two-band amplitude modulation
in this frequency band with a reproducible frequency band of AF=6 kilohertz
corresponding to quality class II of All-Union State Standard 11515-65 and
with frequency clearance between the channels of 3 kilohertz, the number
of possible transmitted programs n determine from the condition

140—30=2AFn+3(—1), (2.1)
is potentially seven.

The obtained number of MPB channels is potentially possible on their recep-
tion on the superheterodyne type receiver which is similar with respect to

- cost to the radio broadcast receivers, Actually, the number of possible
transmitted programs with the WB network decreases significantly in
connection with a reduction in the actually admissible frequency band for
the MPB purposes.

This reduction on the part of the lower part of the frequency band is
caused by the presence of significant additive interference from the low-
frequency channel sufficiently noticeable in the frequency band to

100 kilohertz although this interference could be appreciably reduced by
installing the corresponding low-frequency filters at the input of the
main and distributing feeder lines connected to the low-frequency repeater.
The most significant obstacle to the use of low-frequency part of the

free frequency band is significant increase in the multiplicative inter-
ference from the low-frequency channel increasing with a decrease in the
carrier frequency. The cause of the appearance of this interference is
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the presence of distributed and concentrated nonlinearities in the WB
channel which the steel wire and poor contacts have.

The solution to the problem of modulation and demodulation with the simplest
two-band amplitude modulation presents known difficulties with a low ratlo
of the carrier and the modulating frequencies. In addition, a further
difficulty in the use of this part of the frequency band is the more notice-
able difference with respect to the conditions of transmitting the upper

fp and the lower fy side frequencies. The difference increases with an
increase in the ratio

hifs= o+ F)(o—F) (2.2)
where Fp 1is the higher modulating frequency; £ is the carrier frequency.

With an increase in the carrier frequency the indicated ratio approaches

one, which indicates the equal conditions of the transmission of the side
frequencies of the AM signal spectrum. It must be noted, for example,

that the transmission of the 15 kilohertz modulating frequency band with

the least carrier frequency of 178 kilohertz over a uniform matched telephone
pair in the Italian MPB system is simpler than the transmission of the

6 kilohertz modulating frequency band with a carrier frequency of 78 kilo-
hertz over a nonuniform, branched wire broadcast network in the Soviet

TPB system, in spite of the closeness of the ratios fg/fy for the given
cases.

As is known, increasing the difference in the transmission conditions of the
upper and lower side frequencies corresponding to one modulating frequency
leads to an increase in the nonlinear distortions of this modulating fre-
quency on reception.

The limitation of the actual frequency band for the MPB in the upper part
is caused by the greater damping of the WB lines in this frequency band
and the nature of the appearance of mutual inferference with the radio
broadcast long-wave bands.

On the whole, the use of the possible frequency band with a frequency of
fmax=140 kilohertz and fp;,=30 kilohertz for the ratio of fyay/fpy,=4.7
presents significant difficulties from the point of view of insuring the
optimal transition conditions for all the MPB programs. As an example it
is necessary to note that the ratio fy, /fmin in the Italian MPB system
on transmission of six programs is fmaxyfmin=358/l63=2.2; in the Swiss
system with this number of programs, with the reproducible frequency band
of 10 kilohertz, fpax/fy1,=350/165=2.12 respectively, at the same time as
in the adopted Soviet TPB system for two programs transmitted on the
high-frequency spectrum and the reproducible band of 6 kilohertz, this
ratio is 126/72=1.75.
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Thus, the presented arguments indicate the necessity for constricting the
frequency band for transmission of MPB programs and conversion of it to
the upper part (to 120-130 kilohertz.

On the other hand the requirements following from the necessity of creating
a simple, inexpensive subscriber receiver lead to somewhat different conclu-
sions. The complexity, cost (C) of the receiver are related in a defined
way to its input parameters:

. 1 -
Cup(ar, ), Un
' U&Eﬁf fos ' Lﬁ,) : (2.3)

Key: 1. input; 2. O input

where Zjpput is the modulus of the input impedance of the receiver;

Ug ipp 1s the sensitivity of the receiver; fgg, f02 are the carrier fre-
quencies of two adjacent programs (here f1<fgy); Ugys Upp are the imput
voltages of the carrier frequencies.

The ratio Zinp/U in characterizes the required input power and determines
the required numger Bt repeating stages; the ratio fpy/fgy characterizes

the carrier frequency difference and determines the complexity of the
frequency-selective devices of the receiver; the ratio U01/U02 characterizes
the inequality of the input voltages of the carrier frequencies and also
defines the requirements on the selective devices.

Thus, beginning with the frequency ratios for simplicity of the receiver

it is necessary to have as large a separation of the received carrier
frequencies as possible, which naturally simplifies the selective system of
the receiver and leads to the possibility of the application of the direct
repeating receiver with simple filters.

The separation of the carrier frequencies is to a great extent, if not
basically, the defining factor when designing various frequency devices
installed on the WB network when building the high-frequency channels.
When solving the problem of the separation of high-frequency channels, the
greatest separation of the carrier frequencies is desirable.

It is also necessary to consider that the individual sections in the
30-150 kilohertz frequency band are used for special services. Beginning
with the indicated arguments, the placement of two programs in the high-
frequency band is in practice possible. Here versions with carrier fre-
quencies of 80 and 130 kilohertz were tested; then, 46 and 78 kilohertz
and, finally, for the existing TPB system, carrier frequencies of 78 and
120 kilohertz were adopted.

When selecting the form of modulation for transmission of additional pro-
grams, the complexity of the subscriber receiver, thz width of the frequency
band occupied by each program, the noiseproofness of the high-frequency
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channels and also the possibility of the simplest reception of the TPB
programs on the existing radio broadcast receivers are considered.

The use of frequency modulation, as the performed research demonstrated,
turned out to be unrealistlc in view of the significant complexity of the
receiver, the requirement of a wide transmitted frequency band (60 kilohertz)
when it is necessary to obtain sufficient noiseproofness from the low-
frequency channel.

The application of the single-band modulation without the carrier frequency
makes it possible to cut the band of transmitted frequencies of each
channel approximately in half, which insures the possibility of increasing
the number of transmitted programs, it increases the noiseproofness with
respect to the low-frequency channel, but in this case a quite complex
receiver is required.

The use of the radio broadcast receivers for receiving TPB programs in the
case of the transmission of FM signals or single-band modulation requires
the creation of additional complex receiving attachments.

Therefore, the most acceptable which is indicated also by foreign MPB
experience is the use of amplitude modulation permitting the simplest
receiver to be obtained.

The adopted frequency spectrum of the TPB system is provisionally presented
in Fig 2.6.

: . . T LN PR
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Figure 2.6. Normalized spectrum of the TPB system signals
Key:
1. Program I
2. Program IIX
3. Program III
4, £, kilohertz
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2.5.  Determination of the Initial Voltages of High-Frequency Signals
i the WB Channel

The high-frequency signal voltages in the WB channel are determined
beginning with the following arguments:

1) Obtaining sufficient noiseproofness of the TPB receivers with respect to
airwave noise of the radio broadcast stations, industrial and atmospheric
noise;

2) The creation of the simplest receiver with the least number of repeating
stages;

3) The exclusion of interference from the carrier frequencies of the MPB
system and their harmonics by radio broadcast receivers and communications
services.

4) The creation of the transmitter with relatively small output power for
convenience of its operation in connection to the lines.

As is obvious from the presented arguments, the first two are opposite to
the next two, for the necessity of increasing the high-frequency signal
levels follows from the first two arguments, and the necessity for lowering
chem, from the last two.

As measurements of airwave interference on the WB networks demonstrated,
in order to obtain sufficient noiseproofness with respect to the high-
frequency channels (more than 50 decibels) it is necessary to insure
carrier frequency voltages on the order of hundreds of millivolts at the
subscriber point. In the experimental MPB system developed by the LONIIS
Institute, a voltage of 100 millivolts of carrier frequencies of 80 and
130 kilohertz has been set as the standard at the subscriber point. How-
ever, for reception of high-frequency programs, either a radio broadcast
receiver with an attachment or a complex special tube receiver was used.

The studies of the city industrial interference in the frequency band to
150 kilohertz performed on introducing the TPB system (1966) demonstrated
that with minimum normalized voltage of the high-frequency signal at the
subscriber point of 0.25 volts, the protective signal/noise ratio equals
50 decibels at the input of the receivers is insured under the worst
conditions (intensive simultaneous use of different electrical devices)
with a reliability of 0.97-0.98.

- When the NIIR Institute developed the MPB system with carrier frequencies
of 46 and 78 kilohertz (1958-1959), for simplification and reduction of
cost of the receiving attachment for the single-program loudspeaker, a
study was made of the increase in carrier frequency voltage at the input
of the receiver to 1.7-1.5 volts. Here the circuitry of the receiver
was reduced to filters, a detector and output stage. However, the high-

42

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

FOR OFFICIAL USE ONLY

frequency signal levels on the WB networks turned out to be interfering with
high-quality radio broadcast reception. With a final choice of carrier
frequencies of 78 and 120 kilohertz for the TPB system, a receiver sensitiv-
ity of 0.25 volts was assumed insuring electromagnetic compatibility of

the TPB system with radio broadcasting in the long-wave and medium-wave
bands.

As was demonstrated in Section 2.4, the cost of the receiver C increases
with a decrease in the rated input voltage of the carrier frequencies

Up inp-

It is necessary to assume that for any rated carrier frequency voltage the
subscriber receiver is found to be relatively complex with respect to
number of parts and production process.

The schematic of the existing subscriber receivers must contain input
filters, adjustable controls, high-frequency repeater stage, operative
control, preliminary and output low-frequency repeater stages and a
rectifier.

The interference in the radio broadcast receivers from the AM signals of

the TPB system occurs as a result of the fact that the carrier frequency
harmonics fall directly in the frequency spectrum of radio broadcast stations,
close to it or as a result of reception of the carrier frequencies of the
high~frequency signals themselves by radio broadcast receivers by conver-
sion of these carrier frequencies with high levels in the input nonlinear
elements to the frequencies of the received long-wave and middle-wave bands
or as a result of cross modulation with the carrier frequencies of the

radio broadcast stations (attachments have been proposed for the radio broad-
cast receivers to receive the TPB programs operating on the basis of
isolation of the carrier frequency harmonics of the high-frequency signals

by nonlinear elements and their reception in the long-wave band of the

radio broadcast receivers).

As the studies have demonstrated, the basic danger of having a negative
effect on the noiseproofness of the reception of the radio broadcast stations
as a result of the high-frequency TPB signals basically is determined by

the levels of the second and third harmonics of the carrier frequencies

at 78 and 120 kilohertz in the TPB channel. The frequencies of 78 and

120 kilohertz even with maximum voltages of 120 volts (in the main feeder)
and 30 volts (in the distributing feeder) are not received directly by

the radio broadcast receivers either as a result of the possible insufficient
selectivity of the input circuits or by conversions of the carrier fre-
quencies in the nonlinear elements of the input circuit.

The field intensity of the carrier frequencies on going away from the main
feeder line quickly decreases (Fig 2.7) for 80% of the performed measure-
ments. The radiation of the distributing feeder lines is appreciably
lower [17].
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’ Figure 2.7. Dependence of the field intensity E of the
- carrier frequencies 78 and 120 kilohertz on the
distance £ to the main feeder line
Key:

1. E, microvolts/m
2. £=78 kilohertz
3. 2, m
4. £=120 kilohertz

The radiation on the carrier frequencies can create interference with
the long distance overhead communications line multiplexed by the V-12
system (occupying the frequency band from 36 to 143 kilohertz). The
minimum admissible distances between the lines of the V-12 system and
the TPB system for the worst case of a length of parallel run of 2=0,5)

and a protection norm for the channel of 46.9 decibels are presented in
Table 2.3.
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Table 2.3
Maximum voltage at the line 120 90 60 30
input, volts
Minimum admissible distance
between lines, meters 118 104 88 70

The measurements of the effect of the TPB networks on the long distance
cable communications lines performed in Moscow, Riga and other cities
demonstrated that the TPB system does not create interference on these
communication lines.

- Thus, it is possible to consider the presence of maximum carrier frequency
voltages in the WB channel on the order of 120 volts possible beginning
with the necessity for obtaining sufficient noiseproofness of the radio
broadcast receivers and communication services directly from the carrier
frequencies of 78 and 120 kilohertz or their harmonics.

It is necessary to keep in mind that with an increase in the maximum voltages
of the carrier frequencies, the requirements on reducing the level of their
harmonics increase. This causes the necessity for introducing the addi-
tional filters suppressing the harmonics in the transmitter or in the
device for connecting the transmitters, for the interference from the TPB
system basically is determined by the level of carrier frequency harmonics

. of the transmitter.

It is necessary also to be considered that the output voltage of the carrier
frequency of the transmitter (maximum voltage in the WB channel) defines

the output power and, consequently, the design complexity of the output
stage, the sources of its feed, the output connection circuits for the
transmitters.

On the other hand, the higher voltage would permit simplification of the
circuitry of the subscriber receivers.

However, the increase in carrier frequency voltages at the WB station
located at signficant distance from its subscriber (several kilometers)
with large attenuations of the carrier frequency voltages in the WB channel
has low efficiency in view of the fact that the basic part of the trans-
mitter power is lost in the lines.

a A more expedient solution is the maximum approximation of the powerful
high-frequency signal repeaters to the receivers, for example, by
installing the TPB transmitters or modulated oscillation repeaters at the

transformer substations. Already on the modern level of engineering it
is possible to build such devices from transistors.
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In this case the maximum required power and voltage of the high~-frequency
signal sources is reduced while maintaining or increasing voltages of
the high-frequency signal at the subscriber points.

However, during the development of the TPB system the powerful high-frequency
transistors for mass application have not been produced, and the tube
repeaters at the transformer substations would not insure sufficient
reliability of the high-frequency channels.

Considering what has been discussed above, the structure of the high-
frequency channels was selected analogous to the structure of the low-
frequency channels; the maximum carrier frequency voltage was established
at 120 volts at the beginning of the channel, and the minimum was estab-
lished at 0.25 volts at the end (at the subscriber rosette).

2.6. Structure of the High-Fregquency Channels of a TPB System

The structure of high-frequency channels of the TPB system determines the
entire set of devices required to realize transmission and reception of
high-frequency signals.

The basic factors determining the structure of the high-frequency channels
are the structure of the single program WB network and the characteristics
of the residential areas serviced by the system (the administrative build-
ings, the common necessities, hospitals, residential buildings -- large or
small apartment complexes, their mutual placement within the city).

a It is possible to separate the entire high-frequency channel with respect
to functional attributes into three component parts: station, line and
receiver.

The purpose of the station part of the channel is conversion of the low-

. frequency signals of the broadcast programs to AM signals of given power;
the purpose of the line part of the channels is passive transmission of
the high-frequency signals with minimum distortions and with given levels
to the receivers; the receiving part deals with selecting the programs and
conversion of the AM signals to low-frequency signals. The channels for
transmitting two auxiliary programs are identical.

} 2.7. Structure of the Station Part of the High-Frequency Channel

The station part of the high-frequency channel contains the device for
converting the low-frequency signals to high-frequency signals, the modu-
lated oscillation power repeater and the device for comnecting it to the
line part of the channel. This breakdown of the station part of the high-
frequency channel, independently of the location of the converting and
repeating devices for the high-frequency signals, is based on the fact
that this set of devices remains in essence the same, and is only struc-
turally set up in the form of a united powerful transmitter or in the form
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of a low-power converter located at one station site and a powerful
modulated oscillation repeater at the other station site joined together
by a line. Here, as a rule, the requirements with respect to the electri-
cal parameters (the power, the quality indexes) imposed.on this set of
devices are united independently of the territorial location of the
component circuits of the complex.

The structure of the WB network determines the structure of the station
part of the TPB system channel.

Let us conmsider the various versions of joint or separate location of the
converters and repeaters at the station sites of the WB system.

With the centralized WB network, the station part of the high-frequency
channel has a unique solution in which the high-frequency signal transmitters
Iy and T4 are installed at the wire broadcast station, and the station

part of the channel corresponding begins with the output of the transmitter
and ends with the output of the transmitter comnection circuit (Fig 2.8).

With a decentralized wire broadcast network with two-element distribution

- _ network two versions of the station part of the high-frequency channel are
possible. In the first version (Fig 2.9), in addition to the equipment

. for the APU low-frequency channel, low-power transmitters Iy and I3
(generator-modulators) are installed at the central wire broadcast station,
and the low-frequency and high-frequency signals are fed over a single
connecting line to the repeater station at which final power repeating
of the high-frequency signals is accomplished by the modulator oscillation
repeaters with further transmission of them through the repeater connection
circuit to the two-element WB network. Here the repeating of the high-
frequency signals can be joint (wide-band) or separate (channel). As TPB
practice has demonstrated, the most efficient is the channel repeating
with the necessity of obtaining significant output power (several watts,
tens of watts). In order to obtain separate repeating of the low-frequency
and high-frequency signals without worsening of the noiseproofness of
each channel at the input of the low-frequency repeater a low-frequency
filter is included, and at the input of the modulated oscillation repeater,
band filters. The repeater conmection circuit is analogous with respect
to its functions to the circuitry of the transmitter connecting circuit.

In the second version of the comstruction of the station part of the high-

frequency channel (Fig 2.10) powerful transmitters M7 and I3 enter into the
- composition of the repeater station, and the low-frequency signals of all

the programs are fed separately from the central station over the connect-

ing line to the low-frequency repeater and the transmitters. In this

case the station part of the channel corresponds completely to the

version shown in Fig 2.8.
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Figure 2.8. Construction of the station part of the channel
for the centralized wire broadcast network

Key:
1. Program source 5. Transmitter connecting circuit
2., WB station: 6. Two-element network
3. Low-frequency repeater 7. Station part of the channel

4, Transmitter
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Figure 2.9. First version of constructing the station part of
the channel for a decentralized wire broadcast

network
Key:
1. Central station 7. Connecting line
2. Repeater station 8. Station part of the channel
3. Program source 9. Low-frequency repeater
4. APUy 10. Modulated oscillation repeater
5. Transmitter 11. Repeater connection circuit
- 6. Transmitter connecting circuit 12, Two-element network
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Figure 2.10. Second version of the construction of the station
part of the channel for a decentralized network

Key: -
1. Centralized station 6. Low-frequency repeater
2. Repeater station 7. Transmitter
3. Program sources 8. Transmitter connecting circuit
4. APU 9. Station part of the channel
5. Connecting line 10. Two~element network

In the given version in the central station the low-frequency signals of
each program are shaped by means of the repeaters of the APU7, APU, and
APUq equipment, and the signals are fed over the connecting lines s%1,

skp, s%3 to the repeater stations. The basic difference between the last
two versions from the point of view of using the initial wire broadcast
means consists in the fact that in the first version (Fig 2.9) theoretically
one connecting line is required to feed all of the programs from the
central station to the repeater stations at the same time as in the second
version the minimum number of these lines must be equal to the number of
transmitted programs. With respect to the set of devices entering into the
composition of the central and repeater stations, the first version is

also more preferable. The low-power transmitters II] and 2 at the central
station are no more complicated, if not simpler, than the low-frequency
repeaters of the APU2 and APU3, and the repeaters of the UMKy [modulated
oscillation repeater] and UMK3 together with the input band filters are
essentially simpler than the powerful transmitters ij and Ty at the
repeater station in view of the fact that the same modulated oscillation
repeaters enter into the composition of the transmitters I; and M2

(Fig 2.10), but the input band filters are much simpler than all the pre~
liminary generators, repeaters and converters. The advantage of the first
version is the presence of one transmitter with given carrier frequency

for the entire city. This fact makes it possible to exclude the possible
beats between the carrier frequencies in the presence of one city of
several like transmitters as a result of deviations of the carrier fre-
quencies and the presence of spurious couplings between the WB lines. In
addition, the formation of the AM signals at one point, in the central
station, is justified by insuring higher quality indexes and realization -
of stricter monitoring of the AM signal.
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The possibilities of using the first or second version of the construction

of the station part of the high-frequency channel for the decentralized

WB system are determined by the characteristics of the connecting lines,

and namely, by the attenuation and the crosstalk attenuation of these

lines and also the presence in adjacent lines of signals falling in the

- frequency spectrum of the TPB signals transmitted over the connecting
lines. In this sense the transmission of the signals from the central
station to the repeater stations in the initial low-frequency spectrum is
more available and checked out, for the attenuation of the telephone pairs
leased for the program transmission line (the connecting lines) in the
low-frequency spectrum is significantly lower, and the crosstalk attenuation
in the spectrum is appreciably higher than the analogous characteristics
in the high-frequency spectrum. The application of the high-frequency

- KRR and PCM systems on interstation communication lines of the city tele-
phone exchanges in a number of cases complicates the use of the comnecting
lines for transmitting the high-frequency TPB signals.

The basic station sites of the decentralized WB network with a three-
element network are the central station, the reference repeater stations

- and the transformer substations. The lines conuecting these sites are
as follows: the connecting lines between the central and reference stations;
the connecting lines between the central station and the transformer sub-
station; the main feeder lines between the reference stations and the
transformer substations.

The large number of station sites and lines between them determine the
larger number of versions of constructing the TPB system. However, the
principle of the construction of these versions is the same as for the
decentralized network with two-element network, and it consists in separate
or joint use of the transforming and terminal repeaters of the station

part of the channel. In the presented four in practice possible versions
of constructing the high-frequency channel, in two cases the high-frequency
signals of the required power are created at the reference repeater station
(Fig 2.11 and 2.12) and in two versions, at the transformer substations
(Fig 2.13 and 2.14).

The first two versions of the construction of the station part of the high-
frequency channel for the decentralized network with three-element net-

work (Fig 2.11 and 2.12) are completely analogous to the corresponding

versions of the decentralized network with two-element network (Figures

2.9 and 2.10). The difference consists only in the fact that instead of

the distribut:ing feeder lines, main feeder lines are connected to the out-

put of the repeater station. In these two versions the transformer sub-

station performs the function of a passive transmission through channel

for low-frequency and high-frequency signals from the main feeder line to

the distributing feeder lines. 1In accordance with this purpose the

transformer substation must solve the problem of matching the wave impedance

of the main feeder line to the input impedance of the network of distributing
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Figure 2.11. Structure of the station part of the channel with
transmitters at the central station and repeaters
at the reference repeater stations

Key:
; 1. Program sources 12, Repeater comnection circuit
2. Central station 13. Band filtery
3. APU 14, Band filters
4. Transmitter 15. Main feeder
- 5. Transmitter connecting circuit 16. Transformer substation
6. Connecting line 17. Low-frequency filterinp
7. Station part of the channel 18. Transformer
- 8. Reference repeater station 19. Low-frequency filtery,
9. Low-frequency filter 20. Distributing feeder
B 10. Low-frequency repeater 21. Transformer substation bypass
11. Modulated oscillation repeater
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Figure 2.12. Structure of the station part of the channel for
) the three-element network of powerful transmitters
at the reference repeater station
Key: 1 -- Program sources; 2 -- Central station; 3 -- APU; 4 —- connecting
line; 5 —- Reference repeater station; 6 -- low-frequency filter; 7 —-
transmitter; 8 -- transmitter connecting circuit; 9 -- station part of the
channel; 10 -- main feeder; 11 -- transformer substation; 12 —- low-
B frequency fllterinp, 13 -- transformer; 14 —- low-frequency filter,,¢;

15 —- distributing feeder; 16 -- transformer substation bypass
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Figure 2.13. Structure of the station part of the channel with
low-power transmitters at the reference repeater
stations and repeaters at the transformer substations
Key:

1 ~- Program sources; 2 -- central station; 3 -~ APU; 4 -- connecting

line; 5 -- reference repeater station; 6 -- low-frequency repeater;

7 —- transmitter; 8 ~-- transmitter connecting circuit; 9 -- main

feeder; 10 -- station part of the channel; 11 -- transformer substation;

12 -- low-frequency repeater; 13 -- transformer; 14 -~ modulated

oscillation repeater; 15 -~ repeater connecting circuit; 16 -- distributing

feeder; 17 -- band filters
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Figure 2.14. Structure of the station part of the channel with
transmitters at the central station and repeaters
at the transformer substation
Key:
1 -- Program sources; 2 -~ central station; 3 -- APU; 4 -- transmitter;
5 —- transmitter connecting circuit; 6 -- connecting line; 7 -- reference
repeater station; 8 -- low-frequency repeater; 9 —- station part of the
channel; 10 -~ main feeder; 11 -- transformer substation; 12 -- trans-
former; 13 —- band filter; 14 -- UMKy - modulated oscillation repeater;
15 -- UMK3 -- modulated oscillation repeater; 16 -- repeater connection
circuit; 17 -- distributing feeder
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feeder lines with respect to the Ligh-frequency signals. This matching
is done by bypassing the low-frequency transformer with respect to high-
frequency signals by the OUTP [transformer substation bypass] bypass,
which is a high-frequency filter with matching transformer. In order to
prevent shunting by the transformer of the high-frequency signals, low-
frequency filters (FNChj,, and FNChout) are connected on its input and
output sides with high input impedance with respect to high-frequency
signals,

In these two versions, the main feeder line and the transformer substation
bypass have the mission of transmitting the power and the quality indexes
of the AM signals from the repeater station to the distributing feeder
lines with the least losses. Therefore, use of the given versions will

be preferable in the presence of uniform main feeder lines with low attenua-
tion and distributing feeder lines with low scattering of the values of

the attenuation. However, under actual conditions of the majority of

city WB networks the indicated requirements,as a rule, are not satisfied.
This is entirely natural inasmuch as the initial WB network does not

impose such rigid requirements on the given parts of the channel with
respect to transmission of low-frequencies, for neither the number of cable
inserts in the main feeder line or the number of distributing feeder lines
connected to the transformer subsystem within the limits of the norm (no
more than 10) distributing feeders) do not have significant influence on
the power transmission and the quality indexes of the low-frequency signals.
On transmitting high-frequency signals the attenuation in the main feeder
increases, the cable inserts require processing either by compensation

for their capacitance or by matching their wave impedance with the wave
impedance of the overhead sections of the main feeder which, however, is
accompanied by some power losses of the high~frequency signals in these
compensation and matching circuits. The fluctuation of the number of
distributing feeder lines connected to the transformer substation and,
consequently, fluctuation of their total input impedance does not permit

us to obtain complete matching of the main feeder with the input impedance
of the transformer substation for high-frequency signals in all cases of
the transformer substation load. The absence of complete matching of the
main feeder to the input impedance of the transformer substation leads to
an increase in power losses on transmission.

The efficiency nRR§-TS of the transmitter output (or modulated oscillation
eren

repeater at the re ce repeater station)-transformer substation output
channel is defined by the expression

- . .'k&y—m = ’&?n %fﬂ%é}‘n- . : (2.4)
Key:

1. reference repeater station-transformer substation [RRS-TS]
2. transmitter connection circuit

3. main feeder

4, transformer substation connection circuit
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where N yome Maor 'lvmn are the efficiencies of the transmitter

connection circuit (or the repeater conmnection circuit), the magin feeder
line and the transformer substation connection circuit respectively.

For real values of and
ntransmitter connection circuit

Ntransformer substation connection circuit equal to 0.7 and for attenuation
in the main feeder made of bimetal equal to 1 decibel,
NRRS-TS=0.4, and for the average length with attenuation of 4 decibels,

nRRS-T8=0- 2.

In the presence of cable inserts with matching circuits and compensation
circuits the efficiency of this channel will be

= n D
_ R T e R e @

Key: 1. RSS-TS; 2. TCC; 3. MF; 4. MC; 5. CC; 6. CI; 7. TSCC

where Toyr Mgy nKB. are the efficiencies of the matching circuit,
compensator circuit and cable inserts; n is the number of matching circuits;
m is the number of compensating circuits; p is the number of cable inserts.

Under these conditions Nprs-7g reaches avalue of 0.1. Thus, under actual

conditions the main feeders with transformer substations do not provide

for the transmission of high-frequency signal power without significant
losses as occurs in the three-element network for the low-frequency channel;
a significant part of the power is lost in this channel. The quality
indexes of this channel also undergo changes in connection with the fact
that in practice there 1s no possibility for complete matching of the main
feeder with the input impedance of the transformer substation in the entire
band of modulated frequencies of the AM signal for two programs with
fluctuations of the load resistance of the transformer substation with
respect to modulus and angle. The relations presented in Figures 2.15-2.18
for the input impedance of the transformer substation Zi,,, its phase

angle and ratio of the output-input voltages of the transformer substation,
UII/UI for the carrier frequencies 78 and 120 kilohertz with different

load resistance clearly indicatés the impossibility of obtaining a matched
operating condition for the main feeder with transformer substation for
given limited frequency conditions (only for carrier frequencies) with
possible fluctuations of Zj,,q within the limits of 50-100 ohms. Judging
by the presented juxtaposed functions Zin (Z19aq) for the carrier fre-
quencies of 78 and 120 kilohertz, this opposite nature is maintained for
side bands of fg+F of the AM signal, which complicates the matching and
obtaining of equality of the conditions for transmission of the side
frequencies of the AM signal, especially with an increase in the modulating
frequency F.
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- Figure 2.15, Transmission coefficient K and ‘input impedance
Zinp of the transformer substation bypass as a
function of the load impedance Z10ad (active
load)

Key:
1 -- Zipp, kilohms; 2 -- Zinps 3 == $10ad’ 4 - 215424, ohms

£O
” = Bs R L m -
- o .///‘f” -

00 Z,08(3)

1
<

Figure 2.16. Phase angle $ipp ©f the input impedance of the
transformer substation bypass as a function of

the load resistance Zjgqq (active load)
Key:

1 — ¢4nps 2 == $10ad5 3 —= Z10ad> Ohms
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' Figure 2.17. K and Zinp Of the transformer substation bypass
as a function of Zj,,9 (complex load)
Key:

1 - zinp’ kilohms; 2 — Zynps 3 == $1oads 4 == Zj0ad» ohms
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Figure 2.18. ¢inp input impedance of the transformer substation
bypass as a function of Z;,,q (complex load)

1-- ¢inp; 2 == Z19aq> Ohms; 3 == ¢7,.4
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The difference in the conditions of transmission of the side frequencies
leads to nonlinear distortions of the envelope of the AM signal and,
consequently, to nonlinear distortions of their detection.

The frequency distortions of the side frequencies of the AM signal (the
steep slope of the side frequencies with respect to carrier frequency)

lead to the appearance of frequency distortions of the low-frequency signal
(steep slope of the high sonic frequencies). The cable inserts of the

main feeder with the processing devices unavoidably introduce frequency

and phase distortions of the AM signal, for complete matching or compensa-
tion in the entire frequency band of the AM signal are in practice unobtaim-
able.

Thus, under actual conditions the passive section of the MF-TS channel
with respect to high-frequency signals does not correspond to the important
requirement of the WB network -- maximum power transmission with minimum
distortions of the quality indexes of the signal. Under such conditions

it is difficult to obtain high quality class indexes. Therefore, in spite
of the structural simplicity of the investigated versions expressed by a
small number of powerful high-frequency signal devices (the modulated
oscillation repeaters or transmitters) located at the reference repeater
station, other possible versions of the structure of the station part of
the channel deserve investigation within the framework of the station sites
of wire broadcasting it to insure the subscribers the guaranteed high-
frequency signal level and more stable and higher quality indexes. As an
example of this structure we have the versions of location of the terminal
powerful modulated oscillation repeaters at the transformer substations
(Fig 2.13 and 2.14).

In the version in Fig 2.13, low-power high-frequency signal converters

2 and M3 are installed at the repeater station which are connected to the
main feeder by means of the transmitter comnecting circuit. The AM signals
of each program are isolated by means of the band filters ¢NI2 and ¢13,

and they are amplified by the modulated oscillation repeaters YMKy and
YMK3.  The low-frequency and high-frequency signals are combined by means
of the repeater connecting circuit YNY. The low-frequency channel com-
tains a low-frequency filter at the transformer input, the basic purpose
of which is elimination of the feedback between the output and input of
the YMK modulated oscillation repeaters. In the given version of the
construction of the station part of the high-frequency channel the main
feeder is for the two programs a continuation of the program feed channel
except that these programs are transmitted in the form of high-frequency
AM signals. Therefore, strict requirements with respect to attenuation,
frequency-amplitude and phase distortions in the AM signal band are not
imposed on the main feeder, for these parameters are compensated for by
the YMK modulated oscillation repeaters and can be corrected by the
frequency correctors. The condition of the load at the transformer sub-
station with respect to high-frequency signals has no effect on the
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operating conditions of the main feeder. The main feeder line can operate
in a number of cases without complex, labor-consuming processing of the
cable inserts by the compensating and matching circuits. This processing
is required only in the extremecases where the high-frequency circuits of
the transformer substation cannot completely eliminate the attenuation of
the main feeder and correct the distortions. In the case of redundancy
the transformer substation on the main feeder side to exclude possible
difference between high-frequency signal levels and the frequency-amplitude
characteristics of one high-frequency channel on making the transition from
one main feeder to the other, correctors and regulators are introduced
into each high-frequercy channel to correct the frequency distortion and
establish a united output level for each main feeder. The structure of the
high-frequency channels of the transformer substations for this case is
illustrated in Fig 2.19. The switches M}-Ng-are connected with the existing
automation of the transformer substation commecting them to one main feeder
or the other, and certain correctors Kz_j or Ky_p of one high-frequency
channel and K3_j or K3_5 of the other high-frequency channel are connected
correspondingly. The level regulators Py_3-P9_3, P3_1-P3_5 insuring united
- operating conditions with each.main feeder after one time correction and
adjustment of the high-frequency channels of the transformer substation
are switched analogously. Independence of the operating condition of the
main feeder with respect to the transformer substation load in this version
permits achievement of greater operation conditions of the distributing
feeder lines. Inasmuch as the distributing feeders have large fluctuations
with respect to attenuvation of high-frequency signals, from 1 to 24 decibels,
for more efficient level distribution of the high-frequency signals between
the distributing feeder and reduction of the required power of the YMK
repeaters, the distributing feeders can be grouped with respect to magnitude
- of attenuation, for example, groups with attenuation of 0-9 decibels,
5 distributing feeders; 9-18 decibels, 4 distributing feeders, 18-24 decibels,
1 distributing feeder. These groups are created by using the repeater
- connection circuits YIYy, Ymvp, YnYg (Fig 2.19) with different transforma-
tion coefficients.. This permits equalizing the high-frequency signal levels
in the distribution network as a result of lowering the number of distributing
feeders with maximum input levels which, in turn, derreases the level
' gradient of the high-frequency signals between the different TPB subscriber
points. Nevertheless, the possibility of feeding a higher level to some
of the distributing feeders with large attenuation insures longer range
with respect to high-frequency signals in many cases without the application
of intermediate repeaters at the distributing feeder. The latter fact
takes on decisive significance for organizing TPB in populated areas
adjacent to a city and receiving low-frequency programs from the city. On
the whole, the reduction in the high-frequency signal levels in the main
feeder (in the basic feeder) and a large number of distributing feeders
decreases the possibility of interference from the high-frequency signals
in the radio broadcast reception.
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Figure 2.19. Structure of the high-frequency channels of the
transformer substation with repeaters for mdin
feed redundancy

Key:
1. Transformer substation 6. Transformer
2, Reference repeater station 7. Modulated oscillation repeater
3. Main feeder 8. Repeater connecting circuit
4. Switch 9. Group of distributing feeder
5. Band filter lines

In the version of construction of the station part of the channel with the
modulated oscillation repeaters of the transformer substation (Fig 2.14),
the connecting line between the central WB station and the transformer sub-
station is used as the high-frequency program feed channel. The low—
frequency and high-frequency channels are independent of each other up to
the transformer substation exit. Here the possibility of the appearance
of mutual interference between the low-frequency and high-frequency channels
is excluded in the section from the central wire broadcast station to the
transformer substation; the structure of the repeater station is simplified.
The presence of this high-frequency signal feed line will permit double
reduction in the number of correctors and regulators as opposed to the
circuit in Fig 2.19. The circuits for connecting the repeaters YIY play
the same role as in Fig 2.19. In spite of the possible large attenuation
of the high-frequency signals in the connecting lines which are low-
frequency telephone cables, the realization of this version is possible,
for the high~frequency channel of the transformer substation not connected
_ with respect to input to the low-frequency channel will permit us to gain
a sufficiently large gain on the order of 40 to 50 decibels. Therefore,
the basic factor determining the possibility of using the given version
is noiseproofness of the high-frequency signals and the connecting line
from the high-frequency multiplexing systems of the city telephone exchange
(KRR, PCM). The power, the output levels of the tramsmitters Ny and 1y
at the TsUS [central repeater station?] must be determined by the number
of connected lines and their attenuations.
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The use of the versions of constructing the station part of the channel
with repeaters at the transformer substation will permit conversion to
complete transistorization of the equipment of the high-frequency channels,
for the maximum required initial powers of the high-frequency signals

will be lowerzd significantly, for from 200-400 watts at the reference
repeater station to 10-15 watts at the transformer sub-station. The station
equipment of the high-frequency channels will become standardized alsc
advantageously simultaneously for the WB networks of any structure.

Among the investigated versions, the versions with installation of the
transmitters at the repeater station of the centralized system (Fig 2.8),
at the repeater stations of the decentralized system with two-element network
(Fig 2.10), at the reference repeater stations in the three-element network
(Fig 2.12) have found practical application in the existing TPB system.
The application of the indicated versions during the growth period of the
TPB system is entirely natural and justified, for on introduction of the
TPB system in large cities the indicated versions required a smaller number

- of active station installationms.

The versions of constructing the station part of the channel with installa-
tion of repeaters at the transformer substation appeared a significant time
after the beginning of introduction of the TPB system [36, 37] as a conse-
quence of the difficulties arising in realizing the energy and quality

indexes of the high-frequency channels for the necessity detected in large
cities for increasing the output power of the transmitters from 200 watts

to 400 watts; in individual cases, the installation of intermediate

repeaters on the distributing feeders, difficulties in processing various
cable inserts. The modern technical level makes it possible to create

simple and reliable repeaters for installation at the transformer substationms.

- 2.8. Structure of the Line Part of the High-Frequency Channel

By the line part of the high-frequency channel we mean the entire set of
line structures and high-frequency devices between the last station site
creating high-frequency signals of a given power and the input of the
receiver.

In the adopted TPB system the line part of the channel in the three-element
network includes the main feeder lines, the transformer substations, the
distributing feeder lines, the subscriber transformers, the subscriber
lines or the building networks, using individual receivers. In the two-
element network the line part of the high-frequency channel begins with
the distributing feeder lines respectively. When using group receivers
the line part of the channel ends with the subscriber transformer.

The requirements imposed on the line part of the high-frequency channel
consist in transmission of high-frequency signals from the WB station
to the input of the receivers with the least energy losses and distortions
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of the AM signals. Considering that the WB network used to transmit the
high-frequency signals was not designed for this purpose, it is necessary
to carry out a number of measures on the WB network with respect to
organization of the high-frequency channels. The specific nature of
transmitting the high-frequency signals over the WB lines comsists in the
fact that in contrast to transmitting the low-frequency signals, the basic
power of the high-frequency signals is lost in the lines, and therefore
the power of the station active high-frequency devices (transmitters,
repeaters) is determined only by the lines and not by the receivers as in
the low~frequency channel.

A second characteristic of the behsvior of the lines when transmitting
high-frequency signals is the fact-that the WB lines are commensurate with
respect to length with the wave length of the transmitted carrier frequencies
of 3800 and 2500 meters; another nature of the operating conditions is
characteristic of them which depends on the length of the line and the load
resistance at the end of it. The third characteristic of the version of the
linesis that, with the exception of the main feeder lines they are not
electrically uniform as a result of the presence of various wire and

lead materials, low distribution with respect to length.

The presence of cable inserts on the main feeder excludes these lines

from among the uniform long lines. The distributing feeders and subscriber
lines, as a rule, are nonuniform, for the feeder lines are loaded along

the entire length with subscriber transformers and have feeder leads, and
the subscriber lines have building leads. In addition, an important factor
is obtaining voltages that are identical or differ little for the high-
frequency signals of both channels at the subscriber rosette along the
entire distributing feeder line. Thus, from the point of view of trans-
mission of high-frequency signals alone, witHout discovering the noiseproof-
ness of the high-frequency signals with respect to the low-frequency signals
and airwave interference, it is obvious that the high-frequency transmissioh
lines are the most critical element in the structure of the high-frequency
channels. 1In foreign MPB systems over the city telephone exchanges, tie
design of the line part of the channel presents significantly fewer
difficulties, for the subscriber lines of the city telephone exchange

are uniform lines with load at the end.

The preparation of the line part of the WB network for creating the high-
frequency channel consists in the application of the required high-
frequency devices to obtain the optimal conditions for transmitting the
high~frequency signals.

The entire set of measures with respect to optimal transition of high-
frequency signals over the lines is determined by the high-frequency

processing of the distributing feeder lines, transformer substations and
main feeder line.
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The high-frequency processing of the main feeder lines is done only in the
presence of cable inserts by applying compensating and matching devices

KU-M [compensating devices for the main feeder lines] and SU-M [matching
devices Tor the main feeder 1ines]. The high-frequency processing of the
transformer substations is accomplished in all cases by connecting the high-
frequency transformer substation conmnection circuits. On the distributing
feeder lines the high-frequency processing is used for the cable inserts

by means of the high-frequency KU-R [compensating circuits for the
distributing lines] and SU-R [matching circuits for the distributing lines];
the feeder leads, by the high-frequency automatic transformers ATO.

In the case of transmission voltages of the high-frequency signals on the
subscriber network, high-frequency processing of the subscriber transformers
is carried out by connecting the OUA bypasses. At the end of the dis-
tributing feeder line, the matching resistance is included (SS) equal to

the arithmetic mean equivalent wave impedances of the line

Zequivalent wave impedance (see Appendix 2) on the carrier frequences of

78 and 120 kilohertz.

The structural diagram of the line part of the high-frequency channel used
in practice is presented in Fig 2.20.

It must be noted that the equality of the carrier frequency voltages for
all parts of the TPB network would permit simplification of the receivers
and their operation and maintenance. In addition, the WB of the higher
quality of broadcasting by comparison with wireless broadcasting must
provide the subscribers with smoother signal levels independently of their
location along the length of the distributing feeder line. If the level
dispersion with respect to low-frequency signals at the subscriber points
is within the limits of 3 decibels, then with respect to high-frequency
signals this dispersion will reach more than 20 decibels (from 0.25 to

3 volts); here dispersion of up to decibels is permissible between the
levels of the two carrier frequencies. The high admissible dispersion of
the levels of the high-frequency signals between the subscriber points
causes the necessity for introducing preset regulators into the individual
receivers with significant adjustment range, which complicates the recelvers
and their operation and maintenance. The dispersion of the levels between
the carrier frequencies at the rosette of the subscriber point, as was
demonstrated in formula (2.3) also complicates and increases the cost of
the receiver.

The complication is caused by the fact that the selectors of the receiver
must insure the required noiseproofness with worse ratio of the interference
and signal levels, that is, in the given case when the interference level
exceeds the signal level by 10 decibels,

1 Subscriber transformer bypasses
62

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

FOR OFFICIAL USE ONLY

_ ( - . 7] | - S ,4..A{\.“
"M /("’2’”” L. IMSM?W L ffg!)cﬂt%) S T T

ﬁvwwm &main Jemabrt | femadra

Mr’uc MPANSHOA,
wu’";m AtHag (14)

(15 aﬂpa'aﬂmemdﬂ
UFPHIN SN

Figure 2.20. Structure of the line part of the high-frequency
channel of the TPB system
Key:
1. Transmitter connection circuit
2. Cable insert

3. KU-M [compensating circuit for 10. SU-R [matching circuit for the
the main feeder line] distributing feeder line]
4. SU-M [matching circuit for the 11. OQUA [subscriber transformer
main feeder line] bypass]
5. Transformer substation 12. Subscriber transformer
6. Transformer substation connection 13. Matching impedance
circuit 14. Main feeder line
: 7. KU-R [compensating circuit for 15. Distributing feeder line
- the distributing feeder line] 16. Subscriber network

8. ATO [feeder leads processed by
high-frequency automatic
transformers]

9. Feeder lead

vl

It is.necessary to set the high-frequency signal levels as close as possible
to the subscriber points, for setting united levels far fr-m the subscriber
points does not make it possible to eliminate the level of dispersion which
is accumulated on the length of the line. Therefore, it appears to be most
advantageous to set the high-frequency signal levels at the beginning of

the building network (Fig 2.21), the attenuation of which is low for the
carrier frequencies. The high-frequency signal levels can be set by the
high-frequency signal regulators P; and P,, respectively, at 78 and 120
kilohertz established at the beginning of the building network.

The principle used to adjust the high-frequency signal level consists in

the fact that the transmission coefficient of the divider consisting of

the variable resistance of the regulator and input impedance of the building
nctwork, changes.
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Figure 2.21. Installation of high-frequency signal level
correctors in the building network
Key:
1. Distributing feeder line
2. Subscriber transformer
3. Building network

4. Zgubscriber

_ The regulator, in addition to the variable resistance, contains circuits
for bypassing it with respect to unregulatable low-frequency and high-
frequency signals. Thus, separate grouping and setting of the high-
frequency signal levels is accomplished by removing the redundant voltages.

The possible level dispersion of the carrier frequencies when installing
the given regulators will be determined only by the parameters of the
building network and can be no more than 5 decibels for each carrier fre-
quency (at the present time 21 decibels is permitted) and no more than

4 decibels between carrier frequencies (instead of the now admissible

10 decibels).

The principles and the devices for high-frequency processing of the WB
networks used at the present time do not permit us to obtain equality of
the voltages at all of the subscriber rosettes in sufficient measure.

A detailed description of the preparation of the line part of the channel

of the WB network for transmission of the high-frequency signals is presented
in Chapter 7, and the normalization of the high-frequency devices and lines,
in Cnapter 3.

2.9. Structure of the Receiving Part of the High~-Frequency Channel

The receiving part of the TPB system is determined by the structural build-
up of the city: large or small apartment houses, categories of buildings

with respect to purpose (residential buildings, administrative buildings,
hospitals, hotels, hospitals) and also capital expenditures and operating
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characteristics required for the creation and servicing of one type of
receiving network or another, and the interests of the subscribers.
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Figure 2,22. Structure of the receiving part of the channel with
individual receivers

Key:
1. Distributing feeder line 8. Building circuit
2. Subscriber transformer 9. Attachment
3. Individual receiver 10. RB receiver
4. Ryinp 11. (TB receiver, magnetophone,
5. Electric circuit electrophone)
6. Receiver attachment
7. Single-program loudspeaker

Beginning with the indicated factors, two versions of the receiving part
- of the TPB channel are possible: with individual (Fig 2.22) and group
receivers (Fig 2.23). The version with individual receivers is the most
justified technically and economically for small apartment buildings; the
group receivers are most expedient for administrative, public buildings,
hospitals, hotels, especially when they are introduced in new buildings
under construction. If we consider this problem from the point of view
of the interests of the subscribers, then the version with the group
receivers is more preferable for the subscribers. When tuilding the group
receivers, the type of receiver (the single program loudspeaker) does not
change, it is only necessary to add a program switch to it. Therefore,
significant additional expenditures to acquire new receivers is not
required of the subscribers, and the maintenance of the existing single-
program loudspeaker remains as simple as possible, having only two required
functions -- program selection and volume control. In the version with
individual receivers, the subscriber must acquire an individual receiver
at higher cost to receive two additional programs, and installation of it
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Figure 2.23. Structure of the receiving part of the channel
with group receivers

Key:
1. Distributing feeder line 6. Ryip
2. Subscriber transformer 7. Single-program loudspeaker
3. Electric network 8. Program switch
4. Group receiver
5. Building network

is complicated by the necessity for connecting the receiver into the electric
network aad furthe adjustment of the input level of the high-frequency
signals by the adjustment regulators of the receiver. On the other hand,

for the operating enterprises of the WB, the construction of the receiving
network with individual receivers permits the least difficulty for ‘in this
case the subscriber network remains unchanged, and all of the operations

on the building network reduce to insuring normal high-frequency signal
levels and elimination of poor contacts -~ sources of interference. Here

the operating responsibility for the receivers is with the subscribers
themselves, the owners of the receivers.

Wher introducing the group receivers in residential buildings, the operating
enterprises for WB [wire broadcasting] become responsible for acquiring the
group receivers, installing them, reequipping the building network of the
three-pair network with acquisition and laying of the three-pair cable and
installation of the distribution boxes and program selectors. The operating
and maintenance responsibility for the group receivers also lies with the
WB enterprises. In the administrative and public buildings, the choice of
_ the version of constructing receiving part of the chanmnel is determined by
the least capital and operating expenditures, for, independently of the
type of receivers all of the expenditures are borne by the user organiza-~
tions. '
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The version with individual receivers (Fig 2.22) can be solved using
various types of devices for receiving WB programs. These individual
receivers must be divided into two types: the individual receivers (three-
program loudspeakers) designed especially to receive the TPB programs and
the combined devices consisting of certain sound reproducing devices (radic

- broadcast receivers, tape recorders, electrophones, subscriber loudspeakers)
and attachments for them to receive the TPB programs. The individual
receiver is an integral complete device with the set of all electrical and

- acoustic elements designed to receive all three TPB programs. The low-
frequency programs in the existing three-program loudspeakers are realized
just as in the single-program loudspeakers. The attachments to the existing
sound reproducing devices represent the set of additional electrical elements
required to receive high frequencies or the TPB programs.

The receiver-attachment for the single-program loudspeaker is a recelver-
amplifier for reception of high-frequency signal, reception of low-frequency
signals is directly on the single-program loudspeaker.

The attachment for the radio and television receivers, tape recorders and
electrophones is a receiver which ends in an AM signal detector. As the
low-frequency repeater channel, the low-frequency repeaters of the above-
indicated sound reproducing devices are used. The low-frequency program
can be received both through the low-frequency amplifier and directly on
the loudspeakers. All the individual receivers, just as the single-program
loudspeakers, are connected to the building network through the limiting
resistor Rljip.

Out of all the investigated individual means of receiving TPB programs, the
individual receivers (three-program loudspeakers) have received basic
development. The attachments, in spite of the lower cost, have not become
widespread as a result of inconvenience connected with the connection of
all the devices and the absence of a single structural form of the attach-
ments with the sound reproducing devices. However, in the future it appears
to be most prospective to combine the attachments with tape recorders and
electrophones which, in contrast to the radio broadcast and television
receivers do not have their own sources for reception of broadcast programs.
The TPB attachment is most expediently built into a tape recorder (used to
record the programs transmitted over the TPB networks).

When connecting the three-program loudspeakers, as a rule, the building
network is not subjected to any treatment if the attenuation of the
carrier frequencies and its lines does not exceed 5 decibels. In the
subscriber network of the high rise buildings, the amount of attenuation
can turn out to be above the admissible; then corresponding replacements of
the wiring is required.

The version of the receiving part with group receivers (Fig 2.23) is
- characterized by transmission of the signals for each program over the
building network in the sound frequency spectrum. The conditions of the
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transmission of these signals over the building network for all programs
are identical and are determined by the electrical norms for the single-
program, WB.

The group receiver is made up of two recelvers (for each high-frequency
channel) insuring the required output power on low frequencies. With
respect to the low-frequency program the building network is connected
directly to the subscriber transformer (through the bypass circuit in the
group receiver). In the subscriber sets it is recommended that one
limiting resistor Rjjn, be used, installing it after switching programs.
The application of Rjjp in each pair (to the program selector) increases
the number of resistances and complicates the structural design of the
branch box.

It must be noted that the group receivers will permit insurance of higher
quality of the production than the individual receivers. In the group
receivers, various circuit supplements and complications are justified
economically, permitting improvement of the quality and operating indexes,
for in this case the proportion of the additional expenditures for one
point is negligible, and the effect is significant. This fact has made it
possible to introduce relatively complex automatic level adjustment into
the group receivers and to cbtain sufficiently even and stable levels of
all tliree programs with inequality and instability of the high-frequency
signal levels at the group receiver input.

The intrabuilding network of the three-pair wiring and the group receiver
is more reliable than the single-pair network with individual receivers
on which the influence of the poor contacts is more felt.

The mass introduction of certain receivers of the TPB system will permit
a change in the appearance of the initial freguency channel. With an
increase in the introduction of the TPB receivers, unloading the low-
frequency channel takes place; therefore, with a sufficiently equipped
network with TPB receivers, it is possible to state the question of re-
examination of the standardization and the design of the network and the
station sites of the TPB system. Here it is possible to consider that
the basic criterion for normalization and design of the TPB networks will
be the high-frequency channels.

Then in order to improve the indexes of the low-frequency channel it appears
expedient to use the three-program receiver repeaters also for the low-
frequency channel.

Here it becomes possible to increase by several times the input impedance
of the subscriber sets with respect to the low-frequency signals, compensa-
tion for the attenuation of the low-frequency signals in the network,
improvement of the output power and adjustment of the tone. The increase
in input impedance will permit still greater unloading of the WB network
and the station repeaters and reduction of the levels of crosstalk inter-
ference from the low-frequency channel to the high-frequency channels.
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Actually, in this version of the individual receiver, the possibility of
the usual passive reception of the low-frequency program is maintained
(in the absence of feed from the building electric network or failure of
the electric circuitry of the receiver).

2.10. Interference in the TPB System

The introduction of two additional broadcast programs into the WB system
vith transmission over the TPB network in the form of AM signals in the

high-frequency spectrum acutely states the problem of noisesproofness of
these programs.

Understanding interference to be any outside signals heard at the output of
the receivers of the TPB system and considering the different nature of
the interference in the TPB system and the various methods of eliminating

and diminishing it respectively, it is possible to arrive at the following
classification of them:

1. With respect to audio reception: intelligible crosstalk interference,
noise and background.

2. With respect to origin: additive and multiplicative.

3. With respect to location of the source of interference with respect to
the TPB system: extrasystem, intrasystem.

4. With respect to frequency arrangement with respect to the signal spectrum
transmitted in the line part of the TPB system channel: extraband and
intraband.

5. With respect to nature of the effect between the TPB system channels:
from the low-frequency channel to the high-frequency channel, from the high-

frequency channel to the low-frequency channel, between high-frequency
channels.

6. With respect to point of origin in the TPB system: in the transmitters,
in the line part of the channel, in the receivers.

In the single-program wire broadcasting the basic type of interference is
the AC background occurring in the low-frequency amplifiers or induced in
the WB line from the electric networks. However, with such high voltages
of the low-frequency signal, from 960 volts on tjge main feeder lines to
30 volts on the subscriber network, and sufficiefitly good symmetry of the
WB lines it is possible to consider that the single-program low-frequency
WB system is protected against outside noise. The interference of the
intelligible crosstalk and noise type, as a rule, have a relation to the
information sources (the broadcast program receivers) or the program feed
channels using the city telephone exchange pairs themselves (the central
wire broadcast station to the reference repeater station).
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On converting to the multiprogram WB system, the situation with the inter-
- ference theoretically changes. The most important role is played by the
intrasystem intelligible crosstalk interference, the point of origin of
which can be any part of the TPB system channel, beginning with the output
of the transmitters and ending with the receivers. In addition, the
presence of intelligible crosstalk interference from outside radio broad-
cast signals in the closest long-wave band is possible. When creating and
introducing the existing TPB system, the multiplicative interference from
the low-frequency channel to the high-frequency channel formed on joint
transmission of low-frequency and high-frequency signals over the WB
lines turned out to be most significant. The mechanism of the origin of
this interference occurring basically in steel lines consists in the
following.

The fact that the multiplicative interference from the low-frequency

channel to the high-frequency channels arises to the greatest extent (to

-30 decibels) in the steel lines and the least extent in the bimetal lines
(-50 to -55 decibels) permits the conclusion to be drawn that the given
interference is caused by the conductor material through which the high-
frequency (carrier frequency) currents pass. As is known, with an increase
in frequency the cross section of the conductor for transmitting the current
is reduced, and it is reduced to the outside ring of the conductor.

In bimetal conductors, this ring is copper; in steel wire it is steel. The
primary parameters of the two types of wires on the carrier frequencies

of 78 and 120 kilohertz are such as to give significant predominance of the
inductive resistance over the active resistance.

Thus, for steel circuits 4 mm in diameter, the kilometer induction resistances
Xp=2m fL=1400 ohms on a frequency of 78 kilohertz and 2050 ohms on a frequency
of 120 kilohertz; the active resistances on these frequencies are 365

and 434 ohms respectively. The bimetal networks of the same diameter on

the same frequencies have a kilometer inductive resistance of 980 and 1510
ohms respectively; the active resistance is 12.2 and 14.7 ohms. With a
quadratic law of addition of the inductive and active resistances, in the
given case it is possible to neglect the active resistances.

The low values of the predominant inductive resistances of steel and bimetal
wire with significant difference in the multiplicative interference between
these types of wires will permit the conclusion to be drawn that in steel
wire the inductance is a variable parameter, a function of the low-frequency
signal current transmitted. Inasmuch as the inductance is determined by

the structural data of one electrical element or another which is in the
given case constant and the magnetic permeability p of the materials
entering into the magnetic circuit, the proposition naturally follows of
dependence of the magnetic permeability of the steel wires at carrier
frequencies p, on the low-frequency current Ig.
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The steel wires have ferromagnetic properties and, consequently, for them
the dependence of the magnetic induction B on the field intensity H (the

magnetic current) have a nonlinear nature caused by the hysteresis loop
(Fig 2.24).

I . - . ©

Figure 2.24. Hysteresis loops of ferromagnetic material

The induction B does not have a one~to-one relation to the field intensity
H, and it is determined both by the magnitude of this intensity and the
history of the magnetization process. Thus, depending on the direction of
variation of the field intensity H of the initial hysteresis loop the value
of the magnetic induction will correspond to one value of the field
intensity Hi: By, B, B'p, B3, B'3, By, B'4 for the indicatedthree hysteresis
loops in Fig 2.24. Actually under real conditions of transmitting a low-
frequency signal current over a steel line, one value of the field intensity
L: will correspond to an infinite set of values of B (from By to B'4) under
the condition that the loop ACDEA corresponds to the maximum low-frequency
signal current. Therefore, the approximation of the function B(H) with
conversion to the function uw(IQ) appears to be theoretical difficult.

However, considering that the types of steel used for the wires are magnetically
soft materials with relatively narrow hysteresis loop and also that the
variation of the induction corresponds to variation of some differential
magnetic permeability u,=dB/dH determined by the tangent of the angle of

the inclination of the branches of the hysteresis loop to the H axis,

for the initial investigation of the process of occurrence of the multipli-
cative interference from the low-frequency signal it is possible that Hy,

is basically determined by the current Iy and to a lesser degree by the

history of the magnetization process. This assumption makes it possible

to approximate the fumction B(H). The approximation of the following type
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is appropriate for the given case;

B == Aarctg H, (2.6)

where A is a constant.

Expression y, as the derivative of the adopted function, we obtain
=4 __A : ' 2.7)
Po"g 1480

or, making the transition to the initial argument Ip, we have

~ PBg= (2.8)

?
14072
where c is the coefficient relating the values of H and I,.

In the final analysis, determining the series resistance of the steel line
on the carrier frequencies, Zp, has the function of the current ig(t),
we obtain the expression

1

o ———— N 2.
at bEA(0) -9

: Z:;[ i, (]=

Thus, for further investigation of the process of the appearance of
multiplicative interference, it is possible to take the following simplified
model of the transmission channel (Fig 2.25), in which ig(t) is the low-
frequency signal current in the line; ey(t) is the emf of the high-frequency
signal source (transmitter), Zg is the wave impedance of the steel line
matched at the end. For the circuit it is necessary to determine the
voltage w,(t) at its output:

O =t S0 (2.10)

.

dat) ga_;{zg (%)

7]

Unlt)

Figure 2,25. Equivalent diagram of the steel line for determining
the multiplicative interference
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As the initial signals let us take the voice-frequency, low-frequency
signal:

- ' i) = Iecoéﬂlt . (2.11)

and the amplitude-modulated signal with modulating frequercy Q2
. 08 6 2.12
e, () = Ey(1 + mcos Q,f) cos , £ (2.12)

Considering that Zy, 1s proportional to the length of the line, and Zg is
constant, and consigering the cases where the lines are sufficiently long
and the interference is large and also considering the different nature of
the resistances Zy, close to inductive and Zg close to active, it is
possible to consider Zp4>>2p and neglect the value of Zg in the denominator
(2.10).

Using expressions (2.9), (2.10), (2.11) and (2.12), we obtain

B B

* 4,0 = E{1 + meos,cos gyt — -
. ; ;:;'£vL iAfg -' U“+54Q§m(
o :=E('.Z;[afl +meosQ, ) 'J,'%bzgaﬁ.eosgg,i).;.

Hy eSOt bmBeogRy |
O 3 bmlcos (29, 0 tesant. o1

ST .

Expression (2.13) is an AM signal, modulated, in addition to the useful
frequency Qj, by the frequencies connected with the frequency of the low-
frequency signal: 207, 204409, IZQI-QZI.

The obtained AM signal spectrum at the output of the investigated channel
is presented in Fig 2.26,

The noise/signal ratio at the output of the receiver for interference with
a frequency of 20;

(2.14)
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and for interference with frequencies of ]ZQliQZI
. 1 . e ael
e bR e
"R/S = .o L LT (2.15)

et

auza,'n;) G275, qwn) P, e, awm) w729, a0

VI

" Mowexy (1) Navesnsid mmm(z) © Mawcxs (3

Figure 2.26. Spectrum of the AM signal formed on joint transmission
of the AM signal with the carrier frequency W,
the modulating frequency Q7 and the low-frequency
signal with frequency 9; over steel wires

1. Interference
2., Useful signal
3. Interference

For high nonlinearity, when (1/2)b12>>a, the expressions (2.14) and (2.15)
acquire the following form respectively.

) < W/s ..=..:_l.‘ I (2.16)
an Lt SR
) . s/s =_3,. o (2.17)

Expressions (2.16) and (2.17) must be considered as the maximum worst value
of the N/S ratio. 1Imn reality, for steel wires it is possible to consider
the nonlinearity small, for it in practice does not create nonlinear dis~
tortions of the low-frequency signal, that is, it is possible to set
a>>(l/2)bI2 and the expressions (2.14), (2.15) assume the form:

/s =_;- B (2.18)

L
am
74

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

FOR OFFICIAL USE ONLY

1 b
S = — — . ;
W, T a3 . (2.19)

Thus, the noise/signal ratio depends on the nonlinearity b/a and sharply
(by a quadratic law) on the low-frequency current (interfering current)

of the signal, and it does not depend on the amplitude of the AM carrier
signal. The magnitude of the interference with frequency 22; does not
depend on the presence of the useful modulation, the values of the inter-
ference with frequencies of IZQljﬁZI are proportional to the depth of the
useful modulation. Therefore, for frequencies of 2Q; the noise/signal
ratio and, consequently, the noticeability increase with a decrease in
depth of the useful modulation (Fig 2.27) and in the useful signal interval
it will be the worst case, and for frequencies of IZQltpzl the noise/signal
ratio remains unchanged (Fig 2.28); the interference disappears together
with the signal in the interval. The presented arguments indicate that

the interference with the frequency 2971, especially in the useful signal
interval presents the greatest danger. The investigated noise/signal

ratio pertains to all the levels of the useful signal in the dynamic range,
for it permits estimation of the noticeability of the interference for

any levels (depth of modulation) of the useful signal.

1}
¢
N7
. b‘ ~
b
Ll : .
- ’ 7 @

Figure 2.27. The noise/signal ratio
as a function of depth of modulation
m of the useful signal for the
interference with a frequency

20y

Figure 2.28. The noise/signal ratio
as a function of depth of modulation
m of the useful signal for inter-
ference with the frequency of

| 20,40, |

Hereafter the given noise/signal ratio will be called the instantaneous
ratio; in contrast to it, the assumed normalized ratio of the interference
in the useful signal interval to the rated magnitude of the useful signal

will be called normalized (N/S)n.
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The ratio (N/S),=0 for interference with frequencies of |2911ﬁ2|, but
this does not indicate the actual noticeability of this type of inter-
ference.

For interference frequencies of 20y

(¥8)y =1 b _ p

2 t.'rm,,.,,,(l)sl

. (2.20)
Key: 1. max

S gmy . )

pedf

- J
Figure 2.2&.tVariation of the line resistance with respect to
high-frequency under the effect of a low-frequency
signal current

The graphical representation of the origin of the interference with a
frequency 2Q; is illustrated in Fig 2.29. In one period of variation of
the low-frequency signal current the resistance Z;, (t) varies twice as
frequently as a result of symmetry of the function Zg, (I) with respect to
the y-coordinate axis. This modulation of the resistance Zy, with double
interference frequency also leads to the appearance in the AM signal
spectrum of interference with a frequency of 29;. Thus, it is possible
to consider the process of the appearance of multiplicative interference
in steel wire the result of parametric modulation by variation of the
resistance Zg, by the law

. . "o ‘

S Z ()= .
< 2wl = a+ 83 (1)
The presented process of the appearance of multiplicative interference with
a number of simplifications reflects only one energy aspect. On the whole,

P
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the multiplicative interference of the steel wire must be defined as the
function N/S= Il =L} where % is the length of the line; F; is the
P\l fo /) '

low-frequency signal frequency; fo is the given carrier frequency. The
analytical representation of the dependence of the magnitude of the non-
linear crosstalk interference on the ratio of the low-frequency and high-
frequency signal frequency presents great complexity; it requires determina-
tionof the frequency dependence of the ferromagnetic properties of the

steel wire and at the present time has not been obtained.

The experimental data obtained clearly indicate the dependence of the
relative level of the crosstalk interference (N/S), on the low-frequency
signal current, and the frequency ratio (Fig 2.30) also confirms the
quadratic dependence of the crosstalk interference on the low-frequency
signal current.

The noticeable dependence of the nonlinear crosstalk interference on the
length of the line is manifested under the condition sz>ZB; therefore, it
is possible to consider that for steel lines with load at the end, the
magnitude of the crosstalk interference increases proportionally to the
line length (for a length of more than 1 lm). For the majority of actual
distributing feeder lines with distributed load on the line the crosstalk
interference does not increase proportionally to the length, for in each
subsequent section the low-frequency signal current decreases and at the
sare time the increment in the interference with respect to the um-
branched line decreases.

e £, 158 (4)
————f= 780y (5)

;;.égmr, (6)
’

. » a5 I~
Figure 2.30. Relative level of the crosstalk interference on
steel lines for ordinary amplitude modulation

(line length 4 km, load at the end, steel wire
4 mm)

Key:
1. (N/S)_; 2. 4000 hertz; 3. F1=1000 hertz; 4. f(1=46 kilohertz;
_ 5. f02=78 kilohertz; 6. V1=200 hertz; 7. Ig, amps
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The crosstalk Interference that arises between the high~frequency signals
as a result of nonlinearity of the wires is negligibly small as a result

- of the small currents of the signals. The line transformers in practice
do not introduce crosstalk interference, which is explained by the weak
influence of the ferromagnetic material of these transformers on the
transmission coefficient on the carrier frequencies.

Another cause of the appearance of nonlinear crosstalk interference in the
lines is the poor contact :at the points of connecting the wires having
nonlinear properties. The mechanism of appearance of multiplicative inter-
ference in the poor contacts is analogous to the appearance of cross-

- modulation in the nonlinear elements (tubes, transistors).

The devices in which multiplicative interference occurs include the trans-
mitters and tandem (intermediate) high-frequency signal repeaters. In the
transmitters the nonlinear crosstalk interference occurs in the output

stage, as a rule, between the high-frequency signals by crossmodulation in

the nonlinear amplifying elements or ferromagnetic high-frequency transformers.
In the tandem repeaters this . .e of interference occurs in the input and
output amplifying stages. How:rer, the interference level created by these
devices is low and can be reduced by increasing the selectivity of the input

- and output frequencies separating circuits.

_ Tue additive interference in the WB channel can occur as a result of direct
incidence of the outside signals in the low-frequency signal spectrum,
incidence of the foreign signals in the AM signal spectrum; reception of
foreign signals not entering into the spectrum of the useful AM signal,
with insufficient selectivity of the receiver.

The additive interference with direct incidence of the outside signals in
the spectra of the useful low-frequency signal can appear in the low-
frequency program feed channels at the WB statiop by line crossovers
between adjacent lines. On the receiving side, this type of additive
interference can appear as a result of the incidence of the low-frequency
program signals from the input of the receiver at the input of the low~
frequency repeater of this device. Thus, this type of additive interference
appears before and after the multichannel TPB channel.

The second type of additive interference incident in the AM signal spectrum
appears in cases where the WB network recei-es (the antenna effect) signals
of other services operating in this frequency spectrum. In addition,

this interference is also manifested as a result of the low-frequency
signal harmonics incident in the transmitted spectrum of the AM signal.

As a rule, this additive interference is unintelligible.

The third type of additive interference is manifested only in the channel
_ of the receiver and can be expressed in the form of hearing adjacent channels
of the TPB system and also the WB stationms.
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. The Interference ol the background and nofse type of the high-frequency
chamels (s manifested only in the AM signal reception and transmission
devices.

In the receiver the background and noise appear basically in the low-
frequency channel. Considering the quite high signal levels of the TPB
system, the noise level can be neglected and the background level con-
sidered.

- 2.11. Methods of Decreasing the Interference with the High-Frequency
Channels of the TPB System

The procedures for decreasing the interfer:nce of the high-frequency channels
aredetermined depending on the nature of the origin of the interference and
the location of its occurrence. The most important role in the existing

TPB system is played by multiplicative interference from the low-frequency
channel to the high-frequency channels occurring basically in the line part
of the WB channel.

The necessity for decreasing this nonlinear crosstalk interference is
determined by the fact that its magnitude greatly exceeds the other types
of interference, and the methods of decreasing it are not simple.

The physical process of the origin of this interference was investigated
above, and by using some simplifications, the analytical expressions were
derived for the noise/signal ratio (N/S).

The magnitude of this interference basically determined for the steel lines
by the low-frequency signal current, the line length, the frequency ratio
of the low-frequency signal and the carrier. Consequently, the decrease

in nonlinear crosstalk interference from the low-frequency signal can be
achieved by decreasing the indicated parameters.

The simplest and most obvious means of significantly decreasing the nonlinear
crosstalk interference would be replacement of the steel wsires by bimetallic
wires, which would lead to a decrease in attenuation of the high-frequency
signals. However, this replacement would require great expenditures of
copper and means on rebuilding the WB network.

Hereafter it is proposed that the WB networks be converted to cable lines,
and the situation with nonlinear crosstalk interference will improve
significantly, but in the first stage of introduction of the TPB system
and at the present time the steel feder lines are a reality, and this
reality will exist for a significant time to come. Therefore, other solu-
tions to this problem are needed.

- The dependence of the crosstalk interference and the attenuation of the
high-frequency signals on the line length proposes the problem of reducing
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the length of the steel lines. This solution would require rebuilding the
TPB network in the direction of increasing the number of such station sites
as the transformer substations with a reduction in the service radius of
cach substation. It Is natural that this solution too would require large
expenditures of means and time of its implementation.

Thus, the solutions with respect to redesigning the WB network in one form
or another, in spite of the radical improvement of a number of indexes of
the TPB system could not be adopted, for they would.gequire significant
material means, capital investments, reconstruction operations and time.
Therefore, the search for the solution of the given problem will be aimed
at electrotechnical measures.

Considering the significant dependence of the given crosstalk interference
on the low-frequency signal current, a solution to the problem can be a
decrease in this current. This is achieved by using the low-frequency

GT repeater for amplifying the low-frequency signal ("active version"),
which permits a significant increase in the input impedance (to 30 kilohms)
of the GT when receiving the low-frequency signal. The effectiveness of
applying the "active version" is determined by the volume of its introduction.
In addition to the solution to the problem of reducing the low-frequency
signal current in the overall WB network, the introduction of the "active
version" will permit a decrease in this current in the individual sections
of the subscriber network, which, in turn, will lead to a reduction in the
nonlinear crosstalk interference in these sections as a result of poor
contacts.

The.noise/signal ratio for the basic interference with a frequency of 29;
according to (2.18) will be defined by the expression

. S/N..—.-L L[g.
-7 2 am :

Consequently, on reducing the low-frequency signal current I by n times
the N/S ratio decreases by n® times, and the normalized signa/noise ratio
expressed in decibels

(8/N)' = S/N + 401g n, (2.21)

where S/N is the initial signal/noise ratio, decibels, before decreasing
the low-frequency signal current.

Thus, if we take S/N=30 decibels, the value measured on the steel lines,
as the initial ratio, then assuming potentially n=10, it is possible on
steel lines to obtain a value of (S/N)'=70 decibels, which corresponds to

the class II requirements of All-Union State Standard 11515-65 for channels
with respect to the signal/noise ratio.
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The methods of decreasing the crosstalk lnterference such as the appllcation
of frequency modulation and single-band modulation without carrier,
increasing the carrier frequency, the introduction of frequency distortiuzs
on the transmitting side were investigated and partially tested. The
application of frequency modulation required significant expansion of the
transmitted frequency band to 60 kilohertz for one channel. A decisive
deficiency of the frequency modulation and signal-band modulation without a
carrier is complication of the subscriber receiver.

Increasing the carrier frequency of the high-frequency signals permits a
reduction in the level of the crosstalk interference in connection with an
increase in the service effect for the high-frequency signal current and
correspondingly a decrease in the magnetic interaction in the steel wires
of the low-frequency and high-frequency signals. However, a significant
increase in the carrier frequencies of the high-frequency signals is impossi-
ble as a result of an increase in the attenuation and limited nature of the
free frequency range before the beginning of the radio broadcast range.
Some increase in the signal/noise ratio can be obtained by an increase in
depth of modulation according to the expression (2.18) on frequencies in
sound range having reduced level, that is, by introducing distortions in
the form of a rise in the level of the upper modulation frequencies in the
transmitter with the corresponding reduction of it in the receiver.

The effectiveness of this method is highly limited with respect to magnitude,
on the order of several decibels, and with respect to frequency spectrum
above 2-3 kilohertz modulating frequencies.

Under these conditions the most acceptable turns out to be the method of

decreasing the cross talk interference by using amplitude modulation with
an adjustable carrier frequency amplitude proposed by L. Ya. Kantor when

developing Soviet TPB system [1].

Decrease in the Nonlinear Crosstalk Interference by the Application of
an AM Signal with Adjustable Carrier Level

The basis for this method is the proportional dependence of the crosstalk
interference at the output of the receiver as a function of the carrier
- frequency level.

Beginning with expression (2.13), the amplitude of the interference
- envelope with a frequency of 203

. .
Up, = Y bl3 Z,E, (2.22)

Consequently, decreasing the amplitude of the carrier frequemcy Ep, it is
possible to obtain the corresponding decrease in the crosstalk interference
at the aitput of the receiver.
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However, this should not be understood as a decrease in the initial rated
voltage with constant carrier frequency voltage, for in this case,
according to expression (2.18) no gain takes place with respect to the
nolse/signal ratio.

A decrease in the noise/signal ratio with adjustable carrier frequency

voltage can be achieved with respect to the constant voltage of the carrier under
the condition that all the levels of the useful broadcast signal at the

output of the receiver remain the same as for constant carrier voltage.

Inasmuch as the signal at the output of the receiver is determined for
linear detection by the magnitude of the AM signal envelope Uepy, in
order to reduce the constancy of this value it is necessary that the
following condition be satisifed for any signal level:

Uor (_'f)mouo = m,U,, (2.23)
Key: 1. env
where mg is the depth of modulation corresponding to some level of the
broadcast signal; with constant voltagse of the carrier frequency Up; my is

the depth of modulation corresponding to the same broadcast signal level
with unchanged carrier frequency voltage Ugy.

From expression (2.23) we have the basic condition of proper voltage
regulation of the carrier frequency:

Yox _ M4
U (2.24)

The noise/signal ratios for some level of broadcast signal with constant
carrier voltage (N/S)Q and variable carrier voltage (N/S) xcan be
represented in the form:

1. b U,
S)p == — — o _.
o/ ))? o 12‘ ol (2.25)
: 1 b Uox
®fs), =— 2p _Tox .
X 2 a % omy, (2.26)

Consequently, a decrease in the noise/signal ratio with adjustable voltage
of the carrier Ugpy with respect to the constant voltage level

3 n N/8) U
/s)x/ (§/83, =Ul‘" 2.27)
. [}
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The signal/noise ratio expressed in decibels for any voltage of the
carrier frequency Ugy

S\ o (52) 4 20 s
. (—‘]—)x n (N' )o-+ 20ig U * 2-28

Inasmuch as the initial voltage of the carrier frequency with maximum
broadcast signal remains unchanged and is maximal, the degree of increase
in the ratio (S/N)x is determin.1 by the decrease in voltage for the
reduced levels of the broadcast signal. Graphically the function (S/N)y=
¢(Up pax/Ugy) 1s presented in Fig 2.31; the crosshatched region corresponds
to the additional gain with respect to the signal/noise ratio.

(2)

.\ . " . ) ) %Z‘
, i R m.mm
Figure 2.31. Signal/noise ratio with relative reduction in
carrier voltage

Key:

1. (S/N)x, decibels

2. (S/N)O

3. U0 max/Uox

It is necessary, however, to note that the adjustment of the carrier frequency
voltage does not permit a decrease in the second type of interference with

the combination frequencies IZQLtQZ . This form of interference is propor-
tional with respect to its magnitude to the amplitude of the envelope AM

of the signal myUgy which remains invariant with respect to the condition
(2.23) for any level of broadcast transmission on variation of the carrier
voltage. Consequently, the noise/signal ratio for this interference remains
unchanged when regulating the carrier frequency voltage.

The regulation of the AM carrier signal voltage beginning with what has
been stated cannot be accomplished other than as a function of the level
of useful modulating signal Ug.

In general form the law of this regulation
Us=0o(U,) (2.29)

can take any form when observing the condition (2.23) and the condition
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S The gain with respect to the transition interference for any level
of broadcast signal would be determined by the form of the regulating
function (2.29); therefore, it is important to discover the limiting form
of this function given the greatest gain with respect to the crosstalk inter-
ference. According to (2.28), the gain with respect to the interference is
proportional to a reduction in the carrier voltage; consequently, it is
necessary to determine the maximum possible voltage of the carrier frequency
for any value of Ug. On making the transition from the constant carrier to

variable, the voltage of the variable carrier for any level of the broadcast
signal

Yoy ="2U, (2.30)
my

Considering that with the DC carrier mg=nU,, where n is a proportionality
coefficient and that for the greatest decre:-e in voltage Ugy it is
necessary to observe the condition my=m;..=const and also considering the
initial unregulated voltage Up=Ug max’® ¥e obtain

_4“f_.='ngh9§1%zue- (2.31)
Key: 1. max -
that is, ,
‘ Ue. =kUgo" - (2.32)
where k= __uilg;%_é_ . .
M (1)

Key: 1. max

Thus, the most advantageous with respect to interference is the rectilinear
function on(UQ) known as amplitude modulation with constant modulation
coefficient (CMC). 1In Fig 2.23 and 2.33 graphs are presented for the
functions Up=¢(Up) and m=y(U ) for the AM signal with constant carrier and
CMC, where Upg rgted>s mrated’QUQ rated are the rated (maximum) values of ithe

carrier frequency voltage, the depth of modulation and the low-frequency
signal voltage at the input of the receiver respectively. After obtaining
the optimal relation for the carrier voltage as a function of the modulating
signal voltage, it is possible to compare the function (N/5),=f(Up) for the
AM signal with DC carrier and CMC for interference with the frequency

of 29;.

For constant’ carrier

vy_ 1L bp 100 1 -
( )'—.3 5= °‘,%'-_“U9- " (2.33)
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that is - o A

X\~ .

(9 R (2.36)
where N=(1/2)(b/an)1291 is the generalized proportionality coefficient.

Lo . S
My [~ ——————
1) - :
Brow -
1) . '

. a

Ezga..;;.;._.- el I
=Y - :

Figure 2.32. Depth of modulation as a functibn of the magnitude
of the modulating signal with constant carrier

Key:
1. rated
Gy e
. . . Ce - . v ) e o
b =TT TE oA
NS IR 3
My 1
. 1) g |
|
1
T A
Xy
Figure 2,33. Carrier voltage as a function of the magnitude
of the modulating signal with a constant modulation
coefficient
Key:
1. rated

For a:variable ‘carrier

(LY U ob Ver -~ 1 b, MG
) =Llbtp Y _ 15 s, .
('s-'), Tk 7ol s, (2.35)
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Consequently

.(.IIE:'_)‘=-=f(.U,,')=-c.:o’rfst.ﬂ | (2.36)

Thus, whereas with é constant carrier the N/S ratio and the noticeability
of the interference increases with a decrease in the broadcast signal level

and reach a maximum in its interval, with CMC the noise/signal ratio re-
mainds unchanged.

In Fig 2.34 the functions N/S=f(UQ% are presented for constant carrier and CMC.

G

’ [ 1
Figure 2.34. Graphs of the noise/signal ratio as é‘?ﬂgczlon of _
the magnitude of the modulating signal with constant

carrier (Ug=const) and CMC (m=const)
Key:

1. Ug, kilohms

The total magnitude of the noise/signal ratio for all interference with
frequencies 29;, 227495, ]291-92| with CMC do=s not depend on Uy, and it
is determined by the following:

 B) Y G At e

VA A TR
Key: 1. N; 2. 8 ‘ ‘ o

The total value of (2.37) exceeds the noise/signal ratio for the basic

v
interference with a frequency of 2Q; by only v3/2=1.22 times (1.85 decibels)
for a value of m=1l.

I
1
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The normalized ratio of the rated signal to the interference in the broad-
cast transmission interval

1 )
S _ =2ﬂ§.~;&%&. (2.18)
.« ). b2 Ussm (2)

Key: 1. max; 2. min
where Ug i, is the carrier voltage in the broadcast signal interval.

In the existing TPB system the ratio U max/Uo min=10> which permits an

increase in the (S/N)n ratio by 20 decibels and bringing it approximately
from 30 to 50 decibels for steel lines up to 6 km long.

In spite of the fact that the indicated method of decreasing the nonlinear
crosstalk interference was obtained on the basis of investigating the
interference in steel wires, it is also applicable to any type of nonlinear
interference occurring in the TPB system whether from the low-frequeney
signal to the high-frequency signal or between high-frequency signals, at
poor contacts, at the output of the transmitters, and so on. This is
explained by the fact that in the majority of cases the spurious modulation
' takes place with constant modulation coefficient which does not depend on
the amplitude of the carrier frequency. With a decrease in amplitude of
the carrier, the amplitude of the noise envelope decreases proportionally.
In the worst case of noticeability of the interference —— in the broadcast
transmission interval ~- the suppression of the carrier and, consequently,
suppression of any nonlinear interference reaches the highest value. This
conclusion is also applicable to modulation of the carrier by the background
in the transmitters and repeaters, which simplifies the structural solutions
of these devices. In addition, the introduction of the adjustable carrier
increases the efficiency of the powerful repeaters and facilitates the
thermal conditions of their operation, which is especially noticeable for
transistorized systems.

Methods of Decreasing the Additive Interference

The types of additive interference and the causes of their appearance were
investigated above. The methods of decreasing this interference are
determined by the nature and location of its appearance.

The interference which falls directly in the spectrum of the low-frequency
signal in the connecting feed lines of the programs can be decreased by
insuring sufficiently high crosstalk attenuation between the connecting
lines of all the programs. A decrease in the same type of interference in
the receivers is achieved by small coupling between the input of the
receiver and the input of the low-frequency repeater of the receiver.

The interference incident in the spectrum of the AM signal in the multi-
channel transmission channel can be decreased by reducing the level of
. the harmonics of the powerful station low-frequency amplifiers in the
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frequency band of 70-130 kilohertz and also improving the symmetry of the
TPB lines under the effect of wireless interference. Some symmetrizing

of the subscriber transformers is achieved by applying the device in (2.35),
the series LC circuits of which are tuned to the external interference
frequency. 1In order to exclude the transmission of the interference to the
subscriber network over the "two-wire-ground" system, the subscriber
transformer can be used with electrostating shielding between its I and II
windings. These methods permit a reduction in the level of wireless inter-
ference by 10 to 12 decibels. The use of carrier regulation with suppression
of the carrier in practice to zero permits us to obtain suppression of this
interference in the receiver detector by 15-20 decibels in the useful

signal interval. Obtaining the given interference level between the adjacent

high-frequency channels is possible by using the corresponding selectors
in the receivers.,

(1) PP sumey

Figure 2.35. Circuit diagram for suppression of interference
from a radio station
Key:
1. distributing feeder line
2. subscriber transformer

2.12. AM Sigpal with Regulatable Carrier and Its Application

The application of the AM signal with regulatable carrier permits us to
reduce the crosstalk interference for all levels of the broadcast signal
less than rated and especially significant in the most critical case, in
the broadcast transmission interval. Let us now consider the AM signal
with regulatable carrier, its characteristics, the relation of these
characteristics to the quality indexes of the high-frequency channel and
the operating peculiarities of some of the devices for the given AM signal.

The usual AM signal can be represented by the expression
1] - cvg . .
U=y, (l +-U—.-ccsn_t)ccs@°t,_ (2.39)
where Ug is the carrier amplitude; c is the proportionality factor betwzen
the amplitude of the modulating voltage U, and amplitude of the envelope.

88

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

FOR OFFICIAL USE ONLY

Correspondingly, the AM signal with slowly varying carrier amplitudes Up(t)
and modulating signal Ugp(t) can be expressed as

cUq(?)
u=U, (t)[l + m?—t)-cosat]cosw,t. (2.40)

For simplification let us assume that the amplitude of the modulating
signal varies according to a harmonic law with angular frequency 3 from
UQ min to UQ max (Fig 2.36). Then the variable amplitude

Ul —Us §2)
i 2

Ue(t) = _UQ -ﬂ)-*-

Key: 1. max; 2. min
b
IZAmm

¢

(l +eos$24 t). (2.41)

i

[ 4
—
=)

=
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e @
1 pftsee,
e

Figure 2.36. Variation of the amplitude of the modulating
signal with respect to harmonic law
Key:
1. Envelope of the modulating signal

2. UQ max
3. UQ min=0

For Uy pin=0 expression (2.41) is simplified:

, Uﬂrﬂ:ﬂ:
Ug(t)=-2—(l+eosQAt). (2.42)

Key: 1. max

The given expression is the envelope of the modulating signal.
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For the AM signal with CMC the amplitude of the carrier must vary also by
law (2.42), and the expression (2.40) acquires the following form:

B 7 0 ¢ 5 R ' - k -
ufk%"g (1 +je§9At) (1;+_.:%m59t)¢°§‘¢,,ot. (2.43)

Key: 1. max

where k is the proportionality factor between Ug and UQ.

" Comparing expression (2.43) with the expression for the ordinary AM signal
(2.39), it is easy to see that the signal obtained is an AM signal with
variable carrier amplitude (kUq max/2) (1+cos@st) and constant modulation
coefficient m=c/k. The product (kIJQ max/Z)(1+cosQAt)cosm0t of the expression

(2.43) gives two components on conversion of the term (KU pax/2)cosQatcosugpt

b

Uegix):e
cos (@ -+ @) o2 o5 (0, — Q) 1,

Key: 1. max

analogous to the side frequencies of the ordinary AM signal. Inasmuch as in
the ordinary broadcast signal the frequency §4<Q, after detection the fre-
quency Q4 of the AM signal with regulatable carrier will be outside the
limits of reproducibility of the frequency band, that is, Q<Y (QH is

the lowest angular frequency of the reproducible frequency band), which

does not cause the appearance of side products in the received frequency
bar'.

Thus, the AM signal with regulatable carrier is an AM signal with double
amplitude modulation of the carrier: with respect to the law of variation
of the asplitude Un(t) of the modulating signal and with respect to the law
of the modulating signal uq(t) (Fig 2.37).

T

T

s S T

Qeatbmowyan
annpumydy (2)

Figure 2.37. AM signal with regulatable amplitude of the carrier
with respect to the law-of the envelope of the
, modulating signal for CMC with m=1
Key: 1. Ug pax; 2. envelope of theéﬁrrier frequency amplitude
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The gpectrum of the AM signal with regulatable carrier for Uy py,=0 1s
illustrated in Fig 2.38.

, zﬁv,.;.;m&)
/A I
- nly f
§ lowurs RO A
(1) 1)
@R Wil 6?2, Qre @

Figure 2,38. Spectrum of the AM signal with regulatable
carrier for m<l (the component side frequencies
w2y and wy-QHR, are not shown)

Key:
1. max
. ' ‘ ] \
I T 21
lfli i 4
%y - y i) o | yre, w2,
_ 'Coexmp ' Ghexmp arodyunupys-
" pesfiipha Weed Eldsha (7).
nesgued . . ARV
_ Figure 2.39. Spectrum of the AM signal with regulatable
carrier with broadcast modulating signal
Key:

1. Carrier regulation spectrum
2. Modulating signal spectrum

Under actual conditions of transmitting the broadcast signal the modulating
eignal and its envelope vary in accordance with the more complex laws,

which leads to the appearance of a spectrum of carrier regulation frequencies,
but this spectrum must not overlap the spectrum of the modulating signal

to avoid the appearance of distortions of the broadcast signal (Fig 2.39).

- In order to evaluate the AM signal with regulatable carrier, along with
the basic assumed normalized parameters, it is necessary to introduce the
characteristics which would be connected with regulation of the carrier.
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Inasmuch as the regulation process on the carrier is determined by the
levels of the modulating signal and the time parameters of the increase
and decrease in the carrier, in order to estimate the total AM signal
with regulatable carrier it is sufficient to introduce the static character-
istics U0=¢(UQ) (the regulation curve) and m=¢(Ug) and the time
characteristics Up=6(t) with an increase and a decrease in the carrier

- voltage.

In the general case the expression for the AM signal with regulatable
carrier has more complex form:
. I Vg panc d ()
u == U“M[d(t)] ll + —J*%—.COSQt]COS%t, 2.44)
) et N .

Key: 1. max

where : ii ’
" hld(G] = U———°m P (2.45)
. oMaRe (1)

d{t) = ) . L (2.46)

Lﬁhnmc 1e5)

Key: 1. max

Thus, the regulating curve can also be represented by the dependence of
two variable coefficients h and d:

- h = ¢(d). (2.47)

The indicated characteristics determine the effectiveness of the suppression
of the nonlinear crosstalk interference and distortions introduced by
regulation of the carrier.

- As was demonstrated in (2.32), the most effective regulation of the carrier
from the point of view of the decrease in the crosstalk interference is the
rectilinear function U0=¢(UQ), that is, the function for AM signal with

_ CMC.

However, the investigated AM signal with CMC was not used, for with detec-
tion of such a signal the appearance of quadratic nonlinear distortions
increasing with a decrease in the voltage of the carrier frequency at the
detector input of the receiver is unavoidable. Therefore, in order to
insure linear detection in the receiver without a significant increase in
voltage of the carrier frequency at the input of the sector (which would
lead to complication and an increase in cost of the receiver) the regulation
- function Ug=¢(d) was varied (Fig 2.40), which was naturally reflected on
variation of the function m=y(D) (Fig 2.40).
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The absence of regulation of the carrier with large modulation frequencies

in practice is not felt in the noticeableness of the crosstalk interference,
for under these conditions the interference is well masked by the useful
signal. Thus, the regulation of the carrier is carried out with a decrease -
in the modulation coefficient, which facilitates the operating conditions

of the detector in the receiver. In the absence of the modulating signal

the voltage of the carrier does not drop to zero as in the case with CMC,

- but remains small. This remainder of the carrier assumed equal to 0.1 UQ max
) defines the maximum suppression of the interference in the broadcast signal
interval. 1In order to obtain the AM signal with regulatable carrier it 1is
first necessary to obtain the regulatable carrier and then modulate it.

BT T [ v }’"
G A ey
a y.4 / (1)
yal [
/ A
V' f
/
- /’
JAR
f

}m;./' . T o=

[ . .. 7

Figure 2.40. Regulation curve and variation of the modulation
coefficien: assumed in the existing transmitters
Key:
1. rated

The presence of a remainder of the carrier in the broadcast transmission
interval is a deficiency of the assumed regulation curve, for it limits -
the use of the proposed method of decreasing the crosstalk interference.
Therefore, in the future another regulation curve will be proposed (see
Fig 2.41) in which the initial function h=¢(d) is retained within the
limits of the dynamic transmission band of 45 decibels, that is, at
0.05¢d<1l, and for a level of the broadcast signal less than -45 decibels
(d<0.005) the carrier is in practice suppressed to zero, that is, hpin=0.
This permits in practice suppression of the nonlinear crosstalk inter-
- ference to zero in the useful signal interval.
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Figure 2.41. Regulation curve with complete separation of the
carrier in the biroadcast signal interval
Key:
1. max
2. decibels
- 3. Dynamic broadcast signal range in the transmission channel
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Figure 2.42. Location of the broadcast signal and interference
levels for the program feed channel

Key:
1. Decibels 5. =60 decibels
2. Dynamic signal band (with reserve) 6. Interference zone
3. =45 decibels 7. Switching zone

4, Free zone
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The possibility of realizing this proposition is determined by the fact
that the interference level at the input of the transmitter is appreciably
below the minimum signal level, that is, there is a sufficient "free zone" -
(Fig 2.42) between these levels for stable operation of the threshold

device for switching the carrier on and off. The total magnitude of all

of the interference according to All-Union State Standard 11515-65 at the

input of the reference repeater station must not exceed -60 decibels,

and in this case the "free zorne" will be 15 decibels. The switching zone

must be sufficiently low on the order of 2-3 decibels to avoid interference

in it, and it is located near the minimum signal level. The threshold

for switching off the carrier in the given case is established 5 decibels

below the minimum signal level,

The total suppression of the carrier permits us to obtain a gain in the
signal interval not only with respect to the nonlinear crosstalk interference,
but also with respect to all forms of interference occurring at the inmput

of the transmitter and in the transmitter itself. Fig 2.43 shows one of

the possible methods of switching the carrier on and off by means of the
controlled switch K which closes and opens the input circuit of the tube L
located in the transmission channel of the carrier or the AM signal of the
transmitter.

S tonutid
- (1 ) ccenen

(2§%vzyﬂwequ¢
v.oprRer yempeusmbo
Figure 2.43. Functional diagram of the suppression of the carrier -
in the interval by means of the controlled switching
device
Key:
1. Controlling signal
2. Controlled switching device

The role of the time characteristics of the carrier regulation reduces to
the following. The time of buildup of the carrier is determined by the
rate of buildup of the modulating signal and the charge time constant
Tcharge Of the controlling detector. The buildup delay of the carrier voltage
with %arge Tcharge ¢an lead to remodulation of the carrier, that is, to the
appearance of nonlinear distortionms, too small a carrier buildup time can
lead to the appearance of nonstationary processes in the receiver expressed
in audible clicks, Therefore. the carrier buildup time must be matched
with the buildup time of the natural sounds. This time is nc less than

_ 5 milliseconds so that the buildup time of the carrier to 0.9 Up pax can

be taken equal to 5-6 milliseconds, which is less than the duration of

20 milliseconds for which the nonlinear distortions begin to be heard.

i
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The time of decay of the carrier is determined by the decay time of the
modulating signal and the discharge time constant of the controlling
detector of the transmitter Td{gcharge- With a large carrier decay time,
that is, with a delay in the decay of the carrier with respect to the decay
of the modulating signal, a delay in the decay of the level of the nonlinear
interference takes place determined by the carrier level, which leads to the
appearance of noticeableness of the crosstalk interference. On the other
hand, too small a decay time leads to worsening of the filtration of the
detection products which, in turn, increases the nonlinear distortions of
the envelope of the AM signal as a result of spurious modulation of the
carrier by the detection products in the regulated device. In addition, a
decrease in the decay time of the carrier can also lead to the appearance

of clicks in the receiver. Let us consider in general form the increase

in the harmonic coefficient of the envelope when regulating the carrier.

The harmonic coefficient of the envelope of the AM signal

A.Kr; Vm+m+ .. .+'m2~

m

. - (2.48)

where m is the modulation coefficient of the basic frequemcy; m2, m3, my,
are the modulation coefficients of the corresponding harmonics of the
basic frequency.

Relating the values of mp, mgy, Wy to the voltage of the modulating signal
U, the carrier voltage Ug and the regulation curve Ug=¢(Up), it is possible
to obtain the expression for the modulating coefficient of each harmonic:

Tmy=8 . , (2.49)
where U, is the harmonic voltage at the output of the detector; S=dU0/dU9
is the steepness of regulation of the carrier and the point of given voltage

Uq.

After a number of transformations

K,'=.%.m-,1/p;+p§+....+p3, ) (2.50)

where S9=Uy/Ug is the static coefficient for the investigated point on the
regulation curve Upg=¢(Ug); P1, Py» p, are the pulsation coefficients for
each harmonir at the output of the controlling detector.

The performed experimental studies have confirmed the dependence of the
harmonic coeffici:at on the values of F, Tdischarges 5.

Fig 2.44 shows the harmonic coefficient as a function of F and Tdischarge
for different regulation curve points. For the point of the regulation
curve with large steepness of regulation in the frequency range below

600 hertz, the total harmonic coefficient of the transmitter is higher (the
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dotted curves, in addition, for T4=120 milliseconds), in spite of the

lower magnitude of the AM signal at this point. Thus, in spite of all of
the desirableness of reducing the decay time of the carrier in order to
decrease the noticeableness of the crosstalk interference, it is impossible
not to consider the buildup of Kp in this.

Recently in the new developments of transmitters, a regulation curve is
used with directly proportional function Up=¢(Up) within the limits from
UQ max to 0.1 UQ max in order to obtain some additional gain with respect
to the crosstalk interference with average signals. The increase in steep-
ness of the regulation curve in this case with maximum signals leads to

the necessity for better filtration of the harmonics of the controlling
detector.

The time characteristics of the operation of the switch K (Fig 2.43) must
be such that the switching time will be appreciably less than the buildup
time of the carrier with smooth regulation, and the switching-off time of
the carrier, less than the decay time., The switching off of the carrier

-4 is expediently carried out at the time of its minimum level as demonstrated
- in Fig 2.45, which decreases the noticeableness of switching off the carrier.
0w .. '
X/
- ¥
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.
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N Figure 2.44. Dependence of Kp of the envelope of the AM signal on
F, Tdischarge With the rated modulating signal and
reduced by 10 decibels (dotted line)
F | Key: 1 -- milliseconds; 2 -- F, hertz
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Figure 2.45., Time characteristic of the decay and switching
off of the carrier
Key:
1. rated
2. decay
3. switch off

In Fig 2.46 and 2.47 oscillograms of the AM signals are illustrated with
the remains of the carrier and the total suppression of the carrier in
the broadcast signal interval.

The application of the AM signal with regulatable carrier poses some new
problems when developing receivers.

These problems include creation of an automatic gain control, determina-
tion of the operating conditions of the diode detector and selectivity of
the filters.

The use of an ordinary automatic gain control system is unacceptable under
conditions of a variable carrier, for it would lead to automatic gain
control by the law of the envelope of the broadcast signal, which would
cause compression of the dynamic transmission band. The most acceptable
form of automatic gain control is control of the receiver gain with
respect to variation of the maximum carrier level, for the maximum level
is given uniquely by the transmitter, aad its variation indicates varia-
tion of the line attenuation, which also is subject to correction by means
of the automatic gain control.
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[Photo illegible]

Figure 2.46. Oscillogram of the AM signal with remains of the
carrier in the interval

[Photo illegible]

Figure 2.47. Oscillogram of the AM signal withtotal suppression
of the carrier in the interval

Here, considering the unique relation between the maximum levels of the
carrier and the modulating broadcast signal, it is possible to relate the
operation of the automatic gain control to the variation of the maximum
broadcast signal level, which permits simplification of the automatic gain
control circuitry, using connection of it to a powerful output stage.

The tracking by the automatic gain control system only of the variation

of the maximum signal level without any reaction to the ever smaller signal
levels is achieved by the application of a peak detector with small charge
time constant on the order of 10 milliseconds and large discharge time
constant on the order of 10 minutes. The use of this automatic gain control
permits us to have amplification variation of no more than 2 decibels even
with the longest pauses in the actual transmissions (2 minutes). It is
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necessary to ccnsider that the initial voltage at the output of the receiver

- with such a large discharge time of the detector of the automatic gain
control will be determined not only by the input voltage, as for the
ordinary automatic gain control, but also the direction of variation of the
Input signal -- from smaller to larger or vice versa. On varlatlon of the
input signal from smaller to larger the output signal will vary according
to the automatic gain control characteristic Uout=f (Uin ), with inverse
variation of the input signal, obtaining the corresponding output voltage
Uout 1 for the given input signal Ujqp j takes place after a significant
time in accordance with the discharge characteristic of the RC-circuit of
the receiver detector. Therefore, in the given case it is expedient to
consider the entire operating cycle of the automatic gain control presented
in Fig 2.48.

Yeears Ue

- Figure 2.48. Operating cycle of the automatic control in the
group receiver

Key:
_ 1. Ugue 4. Uinp 1
2. Uoyt max 5. Uinp max
3. Uout 1 6. Uinp

A natural deficiency of this automatic gain control system is the long
recovery of the output voltage with an instantaneous drop of the input
signal of the receiver, but the basic cause of variation in level of the
input signal consists in variation of the line attenuation from weather
: conditions, which takes place with still greater duration, and the auto-
_ matic gain control can fully follow these variations. The investigated
type of automatic gain control is used in group receivers; its use in
individual receivers is possible as a result of the addition of a relatively
large number of circuit elements.

The voltage regulation of the carrier again poses the problem of the

operating conditions of the AM signal detector in the receiver. With a

constant carrier, the required voltage of the carrier frequency at the -
input of the detector is determined only by the condition of absence of

the nonlinear distortions of the envelope as a result of detection of the -
AM signal, which is achieved for input voltages of the carrier on the order
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of 0.5 to 0.8 volts for germanium diodes with a modulation coefficient of
m=0.7. With variable carrier, another condition is imposed on the operation
of the detector —- transmission without distortions of the entire dynamic
range of the broadcast signal.

- The distortions of the dynamic range naturally occur as a result of a
decrease in the transmission coefficient of the detector in the nonlinear
initial section with small carrier voltages. This fact requires an
increase in the initial maximum carrier voltage at the input of the detector
to 1.5-2 volts.

The suppression of the carrier in the interval, partial or complete, reduces
the additional interference suppression from the adjaccut high-frequency
channel in the inertialess detector. Consequently, decreasing the carrier
in the broadcast transmission interval by 10 times requires an increase in
selectivity of the receiver filters.

The use of the AM signal with regulatable carrier will permit us to obtain
a more economical operating condition of the powerful stages of the AM
signal transmitters and amplifiers.

- 2.13. Stereophonic Broadcasting in the TPB System

The creation of the TPB system permits us tc investigate the possibilities
of its use to transmit stereophonic programs. For this purpose it is
necessary to determine whether the channels of the TPB systems satisfy the
requirements of transmission of stereophonic programs, which two channels
out of the three available ones it is more expedient to use for transmission
of the programs and also what the possibility is for creating a stereophonic
system compatible with the monophonic reception for subscribeis having only
- single-program speakers.
~

The low-frequency channel of the TPB system in the majority of cities has

quality class I of All-Union State Standard 11515-65, and the high-frequency,

approximately class II. The use of the channels distinguished by quality
- class I for stereophonic transmission is admissible. Here it must be noted
- that class II stereosound is subjectively preferred to the higher class of
monophonic sound. The requirements with respect to imbalance of the levels
and the crosstalk attenuation between the stereophonic channels are
satisfied by the forms for the TPB system channels. The studies made of
the Riga WB network of the phase shift between the chamnels in the frequency
band of 100-6000 hertz demonstrated that a phase shift basiczlly determined
by the three-program speakers is within the limits of the required norms.
Thus, the TPB system insures all the required conditions for transmission
of stereophonic programs.

Stereophonic broadcasting can be organized with respect to any two out of
three available channels [28].
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The variations in the use of the low-frequency channel and one of the high-
frequency channels are the most preferable by comparison with the version

of using two high-frequency channels, for in the first case the presence

of a single program and three-program speakers ast the subscriber is required,
and in the second case, two three-program speakers. In the majority of

cascs for reception of stereophonic programs using the low-frequency

channel the subscribers must acquire a three-program speaker for the exlst—
ing single-program speaker.

Out of the two versions of wire stereo broadcasting using the low-frequency
channel, the most expedient is the version with the high-frequency channel
located with respect to the transmitted frequency band closer to the low-

- frequency channel, that is, the high-frequency channel for transmission of
program II. In this version the stereo broadcasting and the monophonic
broadcastiny over channel III have the greatest mutual noiseproofness by

- comparison with all other versions. Moreover, it is possible to assume
that for organization of wire stereophonic broadcasting it is sufficient to
create another high-frequency channel on the carrier frequency of approx-
imately 45-50 kilohertz. Worsening of the noiseproofness of this channel
from the low-frequency channel is not critical, for the admissible crosstalk
attenuation between the stereo broadcast channels can be within the limits
of 26-30 decibels, which is satisfiable.

The use of the low-frequency channel to transmit stereo programs poses the
problem of compatibility of the reception of the full valued monophonic
programs on the single program speakers. The known sum-difference method
of creating compatibility of reception of stereo and mono programs are
unacceptable in the TPB system as a result of rigidity of the requirements
imposed on identicalness and the frequency-amplitude and phase characteristics
of the total and the difference channels. The TPB channels do not correspond
to these requirements. 1In addition, the necessity arises for significant

. complication and increased cost of the three-program speaker as a result of
introduction of the sum-difference converter into it and also the additional
"stereo-mono" switch for the corresponding commutation to take place. The
most acceptable method of compatibility is the method based on using the
lead effect (the "Haas effect"). This effect consists in the fact that
in the presence of two separate sources of sound transmitting the same
information and in the case of nonsimultaneousness of feed of the informa-
tion to them the sound turns out to be originating from only one source,
included first. In this case if the signal B (Fig 2.49) is introduced
with some delay in time into the channel A, then the listener perceives
the signal of channel B only from speaker B. Only the signal of the left
channel A will be perceived from the A speaker. Thus, the introduction
of the signal B' delayed in time into the A channel does not disturb the
stereophonic reception. At the same time the transmission over the A
channel of the total signal A+B' insures compatibility of the monophonic
reception on the signal-program speakers. Some time delay B' is not
reflected in practice in the audio reception of the signal of a monophonic
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transmission. 1In order to obtain the required delay time (10 milliseconds

in the entire audio frequenty range), an LC-delay line is used.
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Figure 2.49, Structural diagram of the organization of stereo-
phonic broadcasting in the TPB system

Key:
1. Left channel A 7. Left channel
2. Low-frequency amplifier 8, Single program speaker
3. Time delay circuit 9, Three-program speaker
4. Right channel B 10. Right channel
5. Transmitter of program II 11. Listening facility
6. Wire broadcast station

A comparison of the two versions of compatible stereo broadcasting with
transmission of the signals A+B or A+B' indicates that the method of trans-
mitting the signals A+B' has significant qualitative advantages over the
procedure based on simple summation of A+B. When summing the signals A+B,
distortion of the tone appears caused by troughs of the individual sections
of the frequency characteristic in the upper frequency range as a result

of phase shift of the sound field for the two microphones. When the sound
source moves relative to the microphones the tone changes continuously.
On addition by the A+B' principle the tone distortions are not perceived.
The nature of the sound does not change when the sound source moves.

The structural diagram of the stereo broadcasting in the TPB system is

presented in Fig 2.49. The quality of the stereophonic reception is affected
by the polarity of the inclusion of the single-program speaker.
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A further development of this method of stereo broadcasting is the cross
introduction of the signals with delays into the two channels and obtaining
a signal time delay on the tape recorder [51].

The organization of stereo broadcasting in the TPB system is the cheapest
and most available for the listeners by comparison with the wireless
stereo broadcasting transmitted in the ultrashort wave band. The cost of
the receivers for stereo reception in the TPB system is approximately more
than 10 times less than the cost of the existing stereophonic radios.

The transmission of stereophonic programs over the WB network using the
indicated procedure has received positive evaluationms.

2.14. Basic Principles with Respect to Equipping Links of the TPB System
General Information

Depending on the structure of the WB networks, a different combination of
standard equipment devices is used for the TPB transmission system.

The investigation and description of the system equipment are carried out
separately with respect to the most important elements: station, line
structures and receivers. :

Figures 2.50-2.52 show the schematics of the equipment of the mixed and
decentralized WB networks.

Station Structure of the WB Networks

In all of the central wire broadcast stations of all cities except Moscow
the following basic standard equipment has been installed which is produced
industrially (Fig 2.50, 2.51):

1. Preamplification equipment of the APU-2, APU-3 type for commutation of

the basic and the reserve program sources, preamplification of the broadcast
signal programs and distribution of them with respect to the sites or the
program feed equipment developed for the TPB networks. The APU-2 and APU-3
have two independent channels with output power of 15 and 25 volts respectively,
For TPB three sets of preamplification equipment must be installed calculating
that each program will have two independent channels. Sometimes only two

sets are installed: one for the low-frequency programs and the other for

two additional programs. However, in this case when any amplifying channel

is damaged, the feed of one of them is interrupted.

2. The command semimodule of the UPK-1 or UPK~2 type from the remote
monitoring and control equipment of the reference repeater station, UP of
the UPK-2 or UUP-1 type (previously produced) or the new equipment (command)
of the TU-TK-TS complex for the TPB networks.
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The UUP-2 complex makes it possible to control two reference repeater

- stations or UP, BP in the presence of no more than four control objects

in each of them (low-frequency amplifier and transmitters).

The UUP-1 set also controls two repeater stations in the presence of
each of them of no more than three control objects.

The UUP-1 and UUP-2 complexes are designed for operation over the connecting
lines -- the telephone pairs. When using the UUP-1 the central wire broad-
cast station must be connected to each reference repeater station by three
connecting lines, and when using the UUP-2 equipment, four connecting lines.

In order to transmit the control commands, individual strands of the connect-

ing lines are used. The programs are set by simultaneous feed to the

80 volt DC pulse (defined polarity) and alternating current line. Noise-
proofness of the system is achieved in this way. The command DC message is
- fed over the "oonductor-ground” network, and AC, over the "¢wo-wire-ground”

network.

The command message is the switch; on return of the switches to the

position the voltage of the command message is picked up from the line. The
command output is accompanied by obtaining a verification of execution.

$1] connecting line is used only to sheathe the low-frequency programs;

S1y is a reserve line. Over the "strand-ground" 513 line a control command
i{s transmitted for one low-frequency module; over the circuit made up of

the "other strand to ground", the control circuit for module I1 is low
frequency. A command is transmitted over the Sl line for modules III and IV

or for control of the transmitters of programs IT and III.

The return sound monitoring with respect to jow frequency from the outputs
of the low frequency repeaters installed at the reference repeater statiom,
the PP, UP and the telephone service communications are realized over the
Sl and S1, telephone pairs. With respect to individual circuits (fifth

- and sixth) from the APU-3 No 2 and APU-3 No 3 (Fig 2.50) the transmission

of the signals of two additional programs to the transmitters of several

reference repeater stations.

3. The equipment of the UKTP type [transformer substation connection circuit]
for remote monitoring and control of the sound transformer substations and
monitoring of the distributing feeder linmes. The equipment is designed

for the control of 6 and 12 transformer substations equipped with SGR
and SGP bays. For this purpose the central wire broadcast station is

connected to each transformer substation by two pairs of the city telephone

exchange lines, and in the presence of feeder lines for outdoor sound
systems (FUZ), three pairs.
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4. The reserve program sources are special receivers for receiving AM and
ultrashort wave broadcast stations, a tape recorder, sound pickup and
microphone.

The following types of equipment are installed at the reference repeater
stations:

1. Low-frequency amplifier with output power of 5 kilowatts, type TU-5-3,
TU-5-4, UPV-5 or 15 kilowatt type UPV-15. In Moscow and Leningrade more
powerful amplifiers are used (by 30 and 60 kilowatts).

At the newly designed reference repeater stations up to four repeaters of
the TU-5 (0US;) type are installed; at the individual existing reference
repeater stations up to six TU-5 repeaters or two UPV-15 repeaters [OUS,
(Fig 2.50)] are installed. The quality indexes of the repeaters correspond
to the requirements imposed on the first quality class (All-Union State
Standard 11515-65): rigid output voltage 240 volts; total power intake

by the repeater from the feed network in the rated output power mode,
UPV-15, 33 kilowatts; UPV-5, 13 kilowatts. In the UPV~15 repeater the
tubes have forced cooling ~- by an exhaust fan.

2. The servo semimodule is a bay of the UPI~2 or UPI-1 type from the set
of remote monitoring and control equipment of the UUP-2 or UUP-1 type
(previously produced by industry) for reception and execution of control
and sending return verficiations and also for preamplification of the pro-
grams coming from the central wire broadcast station to the reference
repeater station or the servo semimodule of the TU-TK-TS equipment developed
for the TPB networks. In the UPI there is a device for automatic mutual
redundancy of the TU-5 repeaters.

The input level of preamplification of the UPI is zero (0.775 volts):. The
UPI-2 bay is designed to control four controllable objects, and the UPI-1
bay, three.

3. The SVK-2 type output commutation bays are equipped with voltage
step-up transformers on sonic frequency coming from the output of the low-
frequency amplifier, from 240 tc 480/960 volts and transmission of it to
the main feeder. In one SVK bay there are two independent cells, each

of which is designed to connect one main feeder.

Each SVK cell contains a 5 kilowatt feeder transformer; the switching ele-
ment; protection and signalling.

4, The set of UPV-200 transmitters made up of two program II and III
transmitters.

For TPB, a device is installed in each SVK cell for conmnecting the trans-
mitters of programs II and III (UPP) to the main feeder line. The
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reference repeater station for insuring uninterrupted operation requires
special ventilation units and electrical equipment and the laying of power
cables.

Other types of station sites are encountered in the cities where the
repeating equipment is installed. These include the substation block
BP and the USPV repeater stations. The substation block is a transformer
substation connected by the main feeder to one reference repeater station
- and equipped with a reserve repeater (instead of a second main feeder).
- A simplified device is required for monitoring and control for it.

In the BP [substation block], as a rule, the TP-STR and STP equipment is
installed, and for the TPB, the UPTV-200 transmitter.

The wire broadcast repeater station is designed to feed a two-zlement or
mixed city network or remote region (Fig 2.52). The USPV is set up by
analogy with the reference repeater station. As the output switching
equipment, the STR bay is installed from the transformer substation complex
with two-element network or the AVK type bay designed for comnecting 10

. distributing feeders and two main feeders. The transformer substation is

= designed to step down the audio frequency voltage and distribute the low-
frequency and high-frequency power of the distributing feeders.

Two bays are installed at each transformer substation: STP-1, STR-3 or
STP-2, STR-4.

In the STP-1 bay there are cells for comnecting two main feeders: operating
and reserve. In each cell the 5 kilowatt feeder transformer is installed
which steps down the audio frequency voltage from 480/960 to 120/240 volts.
Each transformer substation can feed up to 12500 subscriber units. Over

the main feeder lines connecting the SVK and the STP equipment, an audio
frequency is transmitted from the reference repeater station to the trans-
former substation. The control commands for the system for starting the
given main feeder line are transmitted over the artificial circuit of the
"feeder line wire to ground."

The STR-3 or STR-4 bay is designed to comnect 10 distributing feeder lines
and two feeder lines for the outdoor sound system. The automation elements
for remote control transformer substation are located in the bay.

The transmission of the signals of the high-frequency channels to the
distributing network takes place through the bypass of the step-down
transformer, for which a transformer substation connection circuit (UPTP)
is installed at the transformer substation, including the following:

a) ZFM and ZFR blocking circuits (for the main feeder and distributing
network respectively) for the high-frequency currents. The coils of the
filters -- air executed from quite thick wire to insure minimum attenuation
of the low-frequency currents going through the coils;
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b) The bypass for the OUTP to create a bypass of the high-frequency
transformer for the high-frequency currents and matching of the load of
the main feeder (the distributing network) with the wave impedances of
the main feeder. The transformation coefficient of the standard OUTIP is
3.15; it is assumed here that one main feeder line feeds 10 distributing
feeder lines.

The high-frequency voltage at the input of the distributing network (on the
- STR bay) must be within the limits of 20 to 30 volts.

As was stated above, the remote monitoring and control of the operation of
the transformer substation, the distributiag feeder and the FUZ are
realized on the UKTP bay of the central wire broadcast station using two

- or three connecting lines.

A structural diagram of the connection of the UKTP-1 bay to three trans-
former substations is given in Fig 2.53. The S14 connecting line is used
for remote monitoring and control of the main feéder. The control, monitor-
ing and signalling of the main feeder are realized over two artificial

sl channels formed by each wire of this line and the ground. The wires

of this line are used for return sound monitoring from the buses of the
transformer substation and telephone communications TsSPV [central wire
broadcast station] with the transformer substation.

Sl is used for monitoring and control of the feeders of the outdoor sound
system over the same artificial circuits as in the slj connecting line.
The pair of sl, wires are used for return sound monitoring of the FUZ.

The S13 connecting line is provided for emergency sigrals (that the fuses
are burned out at the entrance of each distributing feeder of the STR) and
remote monitoring of the voltage from the ends of each distributing feeder
line.

In the mixed network for areas with small load (2500 to 5000 radio points),
a simplified type transformer substation (UTP) is installed with one-way
feed without remote control and monitoring (see Fig 2.52).

The repeater stations and substations OUS, UP, BP and TP,as a rule, are
placed in the facilities allocated by the local admissible organizations
- in the residential and public buildings.

In a number of cities, especially newly built ones, the plans call for the
- location of a central wire broadcast station jointly with the reference
repeater station [OUS] in the same building with the ATS, MIS. In the

majority of cities the central wire broadcast station is placed in the
same facility with one of the OUS [reference repeater stations].
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Figure 2.53. Structural diagram of the connection of the
UKTP to the transformer substation

Key:
1. Central wire broadcast station 7. Main feeder line
2. UKTP; 8. Reference repeater station
3. S1 1 connecting line 9, SVK
4, TPy [transformer substation]
5. STP
6. STR

For powerful OUS -- 30, 60 kilowatts -- special work areas are built, in

which there is a whole set of stations including power equipment and
ventilation.

Line Structures

The line structures are a responsible part of the WB network. The introduc-
tion of the TPB system on the existing WB networks imposes additional

requirements on the lines considering the application of the high-frequency
channels. '

i In large cities the main feeder line is a post and more rarely, pole line,
The wires, as a rule, are bimetal, 3, 4 mm in diameter or steel, 4 mm in
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diameter. The line length is from hundreds of meters to 10 kilometers.

The average length is 4 km. The inputs to the amplifying and transformer
substations are cable. Along the path of the line, cable inserts are

used which are made up of the MRM type cable and large capacity power cable.
The rated low-frequency voltages are 480, 680, 720, or 960 volts; the
transmitted power is up to 5 kilowatts.

The high-frequency voltage is to 120 volts, the transmitted power 25-30 watts.
The voltage attenuation along the low-frequency channel (at a frequency of

= 1000 hertz) is 1-2 decibels. The attenuation of the high-frequency channel
is determined by the expression apsin feeder™®% and with a matched regime
for the lines without cable inserts it is within the limits of 1 to 10 deci-
bels. In the presence of several cable inserts, depending on the type of
cable used and the accuracy of matching the input impedances, the attenuation
of the section can reach 15 decibels. The input impedance of the main
feeder can differ from wave (as a result of impossibility of insuring exact
matching) by *20%.

The distributing feeder lines can be post, pole and cable. The wire material
is bimetal and steel, 3 and 4 mm in diameter and copper, 1.2 mm in diameter.
The attenuation on low-frequency (at a frequency of 1000 hertz) must not

_ exceed 3 decibels; on high frequency it reaches 10 to 12 decibels.

The distributing feeders in the cities, as a rule, are lines with uniformly
distributed load. The role of the latter is played by the subscriber
transformer, the input impedance of which on high frequency is from 5 to 20
kilohms, and the transmission coefficient is 0.01 to 0.1 depending on the
power of the subscriber transformer and its load.

The subscriber lines -- post or pole -- are made, as a rule, from steel
wires. Their extent is from 100 to 200 to 700-800 meters and more rarely
1 km. The load of the subscriber line is the subscriber inputs ending in
a subscriber set. The attenuation of the high frequency voltage of the
long subscriber lines can reach 10 decibels. The layout of a subscriber
line with single program loudspeakers (OT) and three program loudspeakers
is presented in Fig 2.22.

The last section of the city WB network, as a rule, is the building networks.
By the building network we mean the network fed from one subscriber trans-
former. The most typical subscriber networks for the cities are the intra-
building networks of large apartment buildings. The building network is
made up of attic and staircase wiring laid in the vertical shaft of the
building (sometimes called a "riser") and made as a rule of PVZh type
wire with a strand diameter of 1.8-2.5 and intraapartment wiring made of
the PTPZh and PTVZh type cables. The input impedance of the building net-

- work on the low-frequency channel is determined by the number of speakers
connected to the network, and on the high-frequency channels, in addition,
by the parameters (primarily, the capacitance) of the wiring.
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On the carrier frequencies of the TPB system the building networks acquire
new electrical properties -- they become electrically long lines, and in

a number of cases require matching to avoid the wave processes. The
magnitude of the input impedance of the building network on the multiplexing
frequencies fluctuates within the limits of 20-100 ohms (for 5 to 16 story
buildings) and attenuation to 6 decibels. As an example, in Fig 2.54 a
circuit diagram is drawn for the length of the building network of a 16-story
building.
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Figure 2.54. Schematic of the staircase wiring of a 16-story
residential building
Key:
1. attic
2. 16th floor
3. 2d to 15th floor
4, 1st floor
5. NN sections

In the WB networks, single-program speakers of third or second quality class
are used as the subscriber sets. They have input impedanceiin the frequency
range from 50 kilohertz to 10 kilohertz correspondingly of 3-12 kilohms

and a phase angle of 30 to 25°. 1In the high-frequency band these speakers
have an input impedance with respect to modules on the order of 5 to 7 kilohms
and a phase angle of 60 to 70°.

The Avrora and Mayak type three-program speakers that are manufactured have
an input impedance within the range of 2.5 kilohms, and on the high-
- frequency channel the modulus of the input impedance to 4.5 kilohms and
a phase angle of about 40°,
Additional specialized high-frequency devices are used on the TPB networks

to correct the WB lines, a description of which is discussed in detail in
the following sections.
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Program Sources, Connecting Lines for Feeding the Programs, Remote Monitor-
ing and Control

The basic program source 1s the radio broadcast equipment (RVA) and in
individual cities, the interurban broadcast channels or the segregated
recceiving stations (VPP).

The union central broadcasting progrms obtained over the interurban cable
lines reach the central wire broadcast station most frequently via the
RVV, but in individual small cities they go directly to the central wire
broadcast station.

The local program sources are professional specialized AM and ultrashort
wave FM receivers of the radio broadcast stationms or tape recorder and
sound pickups of the local broadcasts studios. At all of the reference
repeater stations, UP receiving programs from the central wire broadcast
station, professional receivers and tape recorders are installed as the
reserve sources. In many cities the central and oblast broadcast programs
of the wire broadcast station are received by the professional receivers.

The programs are fed from the RVA to the central wire broadcast station in
tandem over special cables with shielded strands or with a connection to
the automatic telephone office distributing frame in a common cable in the
central wire broadcast station to automatic telephone office section. The
length of the cable lines in this section is from 0.1 to 3 km.

A multipair telephone cable, most frequently type T with strands 0.5 mm in
diameter, a capacity of 150, 100, 80, 50 and 30 pairs, the most different
length from hundreds of meters to 2 km, is laid between the central wire
broadcast station and the closest automatic telephone office. Between the
automatic telephone office and each object of distribution of the reference
repeater station, BP, UP and TP telephone pairs are used in the cable lines
of the city telephone exchange. In these sections are used with strands
0.5, 0.6, 0.7 and 1.2 mm in diameter. The skeletal diagram of the connect-
ing lines for the decentralized networks in the cities is presented in

Fig 2.55.

For the existing TPB system and standard remote control and monitoring equip-
ment, the following number of telephone pairs of the city telephone
exchange are required:

1. Between the central wire broadcast station and the reference repeater
station at 20 kilowatts, 8 pairs, including considering the reserve, 4 pairs
for feeding the programs and 3 for remote monitoring and control of the
low-frequency amplifiers and the UPTV-200. '

2. Between the central wire broadcast station and the reference repeater

station at 15 and 30 kilowatts (with two UPV-15), 7 lines; of them, 4 are
for feeding the programs and 3 for remote monitoring and control.
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3. Between the central wire broadcast station and the transformer substation
three lines in the presence of FUZ and two if they are absent.

4, Between the central wire broadcast station and the substation block,
4 for program feed and 4 for remote monitoring and control of the substation
block.

At the present time a system and equipment for preogram feed, monitoriug and
control are being built for the city TPB networks using modern remote control
methods, in particular, the frequency coding systems insuring high reliabil-
ity and noiseproofness [21].

This equipment has great possibilities for operative remote control, remote
monitoring and obtaining broad information about the condition of the
remotely controlled objects using only one telephone pair in all. The diagram
of the equipment of the TPB system for the decentralized networks appears

in Fig 2.51.

For the new remote monitoring and control equipment (TU, TK) between the
central wire broadcast station and each OUS [reference repeater station],
UP or BP [substation block] 6 telephone pairs are required, of which
considering the reserve, 4 are for the program feed and 2 for TU-TK; there
are 2 pairs between the central wire broadcast station and the transformer
substation.

The connecting lines in the sections from the central wire broadcast station
to the reference repeater station, substation block or UP have a length

from 2 to 25.3 km, and in the TsSPV-TP section, from 2 to 26 km. In the
TsSPV-0US section 67% of the lines have a length of up to 12 km, and in the
TsSPV-TP section, 78% of the lines. It is necessary to install the inter-
mediate repeaters on the comnecting line for the program feed on cable

lines with strands 0.5 mm in diameter, and with a diameter of 0.7 mm, 19 km
long and more.

The existing remote control equipment operates with a loop resistance no more
than 4000 ohms, which corresponds to a cable length of 21 km with strands
0.5 mm in diameter; with strands 0.6 mm in diameter, 30 km long and 0.7 mm
in diameter, 37 km. The voltage level of the broadcast transmission at a
frequency of 1000 hertz at any point of the connecting line must not exceed
+17 decibels. The minimum admissible voltage of the sound broadcast trans—
mission on the load resistance at the end of the line must be no less than
0.775 volts. The crosstalk attenuation between each pair of cables used

for broadcasting and other pairs of the same cable measured on a frequency
of 1000 (800) hertz must be no less than 78 decibels for the two pairs

used, no less than 80 decibels for 6 pairs and no less than 85 decibels for
7 or more pairs. The connecting lines of the program feed must correspond
to the indexes of one or more quality class with respect to All-Union State
Standard 11515-65. In order to improve the frequency characteristic of the
telephone lines when using them in the sections of the WB channels, correct-
ing circuits are used which are installed on the ends of the line.
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CHAPTER 3. INTRODUCTION OF NORMS FOR THE TPB SYSTEM
3.1. General Information

The introduction of norms for the TPB system consists in establishing

norms for the low-frequency and high-frequency channels and also individual
devices and lines entering into these channels. The introduction of norms
for the high-frequency channel is at the present time complete from the
point of view of the presence of materials on standardization and design.
At the same time the introduction of standards for the high-frequency
channel and the devices entering into it is in the state of development

and improvement; therefore, primary attention will be given in this chapter
to the problems of introducing norms for the high-frequency channel, its
devices and lines.

3.2. Introduction of Norms for the Low-Frequency Channel

The introduction of norms for the low-frequency WB channel is defined by
the All-Union State Standard 11515-65 "Radio Broadcast Channels. Classes.
Basic Quality Indexes." In accordance with this standard, the amount
of introduction of norms for the low-frequency channel is determined con-
sisting of the normalized objects (radio relayl chamnels of different types)
- and the standardized quality indexes (the reproducible range of frequencies),
the harmonic coefficient, and so on). The introduction of norms for the
low-frequency channels has been carried out in the following form: through,
from the beginning of the WB channel to the end (for example, the input of
the central wire broadcast station to the subscriber unit), and by parts,
(for example, the central wire broadcast station and the reference repeater
station separately).

Here the standardized through WB channel is electrically perfected, that
is, a channel after which the electrical signal conversions capable of

lThe name "radio relay" is presented in accordance with All-Union State
Standard 11515-65.
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causing a change in Its quality indexes does not take place, and the sound
quality afer this channel 1s determined in practice only by the properties

of the reproduclng sound system. Actually, between the cnd of the normalized
through channel (subscriber rosette) and the voice coil of the speaker

there are only passive elements ~- the line control and transformer enter-
ing into the subscriber speaker.

The beginning of the normalized through WB channels is the first station
object of the WB service: the central wire broadcast station -- for the
centralized WB network -— or ti.e WB junction station, for the centralized
network.

The through low-frequency WB channels belong entirely to the WB branch of
the Communications Ministry and from the realizational point of view, the
normalization and responsibility for observation of the quality indexes
are concentrated in their hands alone, which facilitates the solution of
the problems of normalization and control. From the technical point of
view the normalization of the through low-frequemcy channel and parts of it
also present special difficulties, for in the entire channel there is only
one type of signal -- low frequency -~ and all the channel elements from the
point of view of normalization belong to two types: the low frequency
repeaters and the transmission lines, which determines the likeness of the
normalized characteristics and the measurement techniques. The basic goal
in introducing norms for the low-frequency channel reduces to optimal dis-

- tribution of the normalized quality indexes by parts of the through channel.
In addition to the standard, for the low-frequency channel there are
standards for the repeaters, transformers and subscriber speakers.

Thus, from the organizational and technical points of view the normalization
of the initial low-frequency channel presents no special difficulties. In
contrast to the low-frequency channel, the normalization of the high-frequency
channels presents great difficulties: organizational and technical.

3.3. Introduction of Norms for the High~Frequency Channels

By the high-frequency channel of the TPB system we mean the entire set of
devices and lines designed to obtain high-frequency signals, transmit and
receive them. In the most complete form for the three-element WB network
the high~frequency channel is presented in Fig 3.1. For determination of
the volume of the introduction of norms for the high~frequency chanmel it
is necessary to define the normalized objects and the normalized indexes of
these objects.,

The normalized objects of the high-frequency channel must be the through
channel and parts of it as is assumed for other sound broadcast channels

= : and, in particular, for the low-frequency channel and also individual
devices and lines.
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Figure 3.1, High-frequency channel of the TPB system for the three-
- element network

Key: .
1. Connecting lines 8. Transformer substation conmnecting
2. WB station circuit
3. Trans. 78 9. Distributing feeder line
4., Trans. 120 10. Subscriber transformer
5. Trarsmitter connection circuit 11. Subscriber network
6. Main feeder line 12, 3-program speaker
7. Transformer substation 13. Group-program speaker

In accordance with the specific nature of the normalized objects, they can
be divided into the following groups:

1) The through channel and parts of it;

2) The transmitters and repeaters;

3) Receivers;

4) High-frequency devices and lines.

The normalized indexes are of two types:

1) Quality indexes;

2) Electrical characteristics.

The quality indexes pertain to the introduction of norms for the through
channel and parts of it and also the transmitters, repeaters and receivers.
The electrical characteristics pertain to the introduction of norms for
all the station, line and receiving devices, and they are determined
specifically for each type of device and line.

3.4. Determination of the Through Channel

The through channel at the high-frequency channel of the TPB system is
defined beginning with the most complete identity and comparableness of the
low-frequency and high-frequency channels among each other with respect to
normalization. Beginning with these arguments, the through channel ends
with the output of the electrical part of the individual receiver or the
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subscriber rosette in the case of the application of a group receiver.
With this definition of the end point of the through channel, the complete
possibility of comparing the low-frequency and high-frequency channels
among each other Is achieved, for in both cases the electric channels are
perfected, and conversion of the electric energy to acoustic energy takes
place after them. In addition, the normalization of such a through channel
offers the possibility of defining the norms for the receivers and the
parts of the channel beginning with observation of only the basic norms
for the entire through channel. In this case the guarantee of quality
indexes is also insured with recording on a tape recorder which is done
from the output of the individual receiver.

The input of the transmitter is taken as the beginning of the through high-
frequency channel, for this device marks the beginning of the high-frequency
channel, and the program feed channel up to this point is normalized with
respect to All-Union State Standard 11515-65. With possible variation of
the structure of the station part of the channel in accordance with the
diagrams investigated in Section 2.7, the beginning of the through channel
naturally is carried over to the input of the first conversion unit for
converting the low-frequency channel to a high-frequency channel.

The high-frequency through channel adopted in this way is the initial object
of the normalization of the high-frequency channel and can be normalized
considering the quality classes of All-Union State Standard 11515-65.

The through channels for different types of WB networks are illustrated in
Figures 3.2 and 3.3.
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Figure 3.2. Schematic of the introduction of norms for a wire
broadcast channel with a three-element line section

Key:
1. Operating WB channel 6. Suscriber transformer
2. Transmitter 7. Subscriber rosette
3. Station part of the channel 8. Group receiver
4, Transmitter connection circuit 9, Subscriber rosette
5. Through channel 10. Three-program speaker
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3.5. Definition of the Normalized Parts of the Through Channel
The normalized parts of the through channel are defined as follows:
1) By the limits of operating responsibility of the WB services;

2) By the selection of the channel points for monitoring and operating
measurements;

3) The necessity for normalizing the individual devices.

The normalization of all parts of the channel is carried out with one
common origin -- the origin of the through channel -~ and different terminal

points.
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Figure 3.3. Schematic of the normalization of a wire broadcast
channel with a two-element line section

Key:
1. Operating WB channel 8. Subscriber transformer
2. Transmitter 9. Subscriber rosette
3. Trapsmitter connection circuit 10. Group receiver
4, Transformer substation 11. Subscriber rosette
connecting circuit 12. Three-program speaker

5. Station part of the channel
6. Part of channel from the
transmitter to the output
of the transformer substation
7. Through channel

The entire set of high-frequency devices and lines for which the WB
services have responsibility is defined as the operating WB channel

(Figures 3.2 and 3.3). In the case of a group receiver the through and
operating WB channels coincide. The introduction of the concept of the
operating channel completely makes the low-frequency and high-frequency
channels united for the WB services with respect to degree of responsibility
for them, for the channel data end identically -- with the subscriber
rosette. '
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Two channel points are normalized inside the operating channel: the

output of the wire broadcast station, that is, the output of the transmitter
(Figures 3.2 and 3.3) and the output of the transformer substation, that

is, the output of thn transformer substation connecting circuit (Fig 3.2).

The introduction of the norms for the station part of the channel determines
all the basic initial quality indexes and electrical characteristics of the
AM signals at the beginning of the high-frequency ¢hannel and provides a
basis for standardizing the transmitter and the transmitter connection
circuit. The monitoring of many of the quality indexes and the electrical
characteristics at the WB station is simultaneously monitoring of these
indexes and characteristics of the entire operating channel, which greatly
simplifies the performance of the entire volume of measurements on the
network.

The introduction of norms for the indexes at the output of the transformer
substation for the high-frequency channel is carried out in order to main-
tain the quality indexes within the norms which can undergo alterations

on transmission of the AM signals from the output of the transmitter to the
output of the transformer substation.

All of the above-investigated channels and parts of the channels are
fully or partially standardized in accordance with the adopted list of
quality indexes of All-Union State Standard 11515-65. A number of the
elements of the high-frequency channel are normalized by simpler method:
two or three electrical characteristics (the input impedance, the trans-
mission coefficient, attenuation). These elements include the lines and
the high-frequency devices of the line part of the channel, the common
purpose of which is passive transmission of the high-frequency signals
without converting the spectrum. The normalization of the lines and the
high-frequency devices with respect to electrical characteristics are
carried out separately.

3.6. Quality Indexes of the Through Channel and Parts of It

When developing and introducing the TPB system it was established that the
most realistic for the through high-frequency channel is obtaining a
quality class close to class II of VIU 526-58 [29], beginning with a
number of economic and technical arguments. Hereafter when introducing
the standard for the broadcast channels All-Union State Standard 11515-65
in place of VIU 526-58, the norms for the quality classes underwent
significant alterations; therefore the normalization of the through high-
frequency channel remains in class II of All-Union State Standard 11515-65.
The through high-frequency channel is normalized with respect to all the
quality indexes of the All-Union State Standard 11515-65:

The reproducible frequency band; nonuniformity of the frequency character-
istic in the reproducible frequency band; the harmonic coefficient; the
signal/background ratio; the signal/noise ratio; the signal/intelligible
crosstalk ratio.

122
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

FOR OFFICIAL USE ONLY

The introduction of norms for the indicated quality indexes and their
significance for the high-frequency channels have some peculiarities.
Thus, nonuniformity of the frequency characteristic 1s normalized by the
commonly accepted "normative standard" (Fig 3.4) only for the through
channels. For the operating channel and the station part, the nonuniform-
ity of the frequency characteristic is determined by other standards,
Figures 3.5 and 3.6. In these standards the distortions of the frequency
characteristic are reflected in the region of upper modulating frequencies
introduced into the transmitters. Here it is natural that the tolerance
on the magnitude of the distortions for the operating channel is increased

- by comparison with the tolerance on the transmitting part of the channel.
"'?(2)-
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Figure 3.4. Nonuniformity of the frequency characteristic
of the through channel
Key:
1. hertz; 2. 3 decibels
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Figure 3.5. Nonuniformity of the frequency characteristic
of the station part of the channel
Key: '
1. hertz; 2. decibel
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Figure 3.6. Nonuniformity of the frequency characteristic
of the operating channel
Key: 1. hertz; 2. decibels
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The harmonic coefficient is normalized in three frequency bands instead of
two as indicated in All-Union State Standard 11515-65. The normalization
of the harmonic coefficient in the 200-4000 hertz band is broken down into
two bands: above 200 to 2000 hertz and above 2000 to 4000 hertz. The
introduction of the last frequency band is caused by an increase In the
harmonic coefficient in this frequency band as a result of the presence of
asymmetry of the side frequencies of the AM signal on tramsmission of it
over the TPB line channel.

The harmonic coefficient is normalized just as in the All-Union State
Standard 11515-65 by two norms: for the rated level and the levels reduced
with respect to the ratedlevel from 6 to 20 decibels.

The second norm pertains only to the channels with devices having two-
cycle low-frequency stages.

The signal/noise background, signal/noise, signal/intelligible crosstalk
indexes are normalized in the interval and in the All-Union State Standard
11515-65. However, when suppressing the carrier in the interval not only
does a change in the signal/intelligible crosstalk ratio take place, but
also two others. Therefore, for proper coordination of the norms with
respect to these indexes, all the channels and devices of the high-frequency
channel must be normalized and measured for the suppressed carrier. Consider-
ing the different nature of the origin of the crosstalk interference from
low frequency and high frequency signals and the different magnitudes of
these interferences in the intermediate points of the channel, the signal/
intelligible crosstalk ratio is normalized separately for interference from
low frequency and adjacent high-frequency channels.

In spite of the orientation toward quality class II, some of the indexes
- of the through channel are lower. The basic deviation from the norms in
class II represents the signal/intelligible crosstalk ratio (50 instead of
70 decibels) defined by the effect of the nonlinear crosstalk from the
- low-frequency channel on the high-frequency channels. However, if we
compare even the value of 50 decibels with the admissible interference of
the radio receivers and the long wave and medium wave bands (not talking
about the short wave band), it is obvious that this standard significantly
exceeds the standards for the radio receiver interference. Thus, for the
WB radio receivers according to All-Union State Standard 5651~64,
selectivity with respect to the adjacent radio +10 kilohertz wide with
respect to frequency, 34 decibels for class II and 46 decibels for class I
is admissible; the admissible attenuation of the signal from the mirror
channel is 40 decibels for class II and 46 decibels for class I. Here the
50 decibel standard is limited for all admissible signal/noise ratios
at the input of the TPB receivers at the same time as for the radio receivers
the actual magnitude of the interference is determined to a great extent
by the reception conditions. On introduction of complete separation of
the carrier in the interval, the signal/intelligible crosstalk from the
low-frequency channel ratio can reach 70 decibels or more in the broadcast
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transmission interval. The increase in mutual protection between the
high-frequency channels pertains basically to the receivers and requires
increased selectivity of them.

The signal/background ratlo 1s inferior by 10 decibels to the class 11

norms on the channels only for the three-program speakers. This assumption
was adopted beginning with the low rated sound pressure of these receivers
and the correspondingly lower noticeability of the background when listening.
However, during tape recorder recording of the programs of the high-frequency
channels and reproduction of them by the devices with high sound pressure

the noticeability of the background rises. Later the signal/background

ratio for the channel with the three-program speaker in class II will be
increased from 40 to 45 decibels.

Insignificant deviation with respect to the harmonic coefficient from the
norms in class II of All-Union State Standard 11515-65 (5% instead of 47)
is permissible in the frequency range of 2000-4000 hertz as a result of
specific distortions of the envelope of the AM signal occurring in the

WB lines as a result of asymmetry of the extreme side frequencies of the
AM signal.

When introducing the norms for the operating channel and parts of it, the
normalized quality indexes for each point of the channel are defined
beginning with efficiency of the measurement of certain quality indexes
at the given point of the channel. It is known that the labor consumption
of performing the measurements in the WB channels increases in the direction
from the station to the subscriber point. Therefore, in the intermediate
channel points it is sufficient to limit ourselves to the normalization
and measurement of only the indexes which in practice undergo changes on
transmission of the AM signal from the preceding point to the investigated
one. Beginning with these arguments, it is sufficient to normalize the
operating chamnel to the subscriber rosette of the three-program speaker

- by the nonuniformity of the frequency characteristic in the given frequency
band. Here it is sufficient to perform the measurements of this nonuniformity
in the frequency range of 1000 to 6000 hertz and also to normalize the
harmonic coefficient in the frequency band of 2000-4000 hertz and the signal/
intelligible crosstalk from the low-frequency and high-frequency channels
ratio separately.

For the part of the channel ending with the output of the transformer sub-
station, the number of normalized quality indexes can be reduced to two:
the harmonic coefficient in the frequency band of 2000 to 4000 hertz and
the signal/intelligible crosstalk from the low-frequency ratio. The
WB station is normalized, just as the through channel, with respect to all
the quality indexes. This procedure for normalizing the quality indexes

- of the through channel and parts of it is regulated by the draft of the
branch standard "High-Frequency Channels of the Three-Program Wire Broad-
casting System. The Basic Parameters," developed by the Scientific
Research Institute of Radio. The norms in the draft of the indicated
standard for the through channel and parts of it are presented in the
appendix.,

125

FOR OFFICIAT, USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

FOR OFFICTAL USE ONLY

3.7. Introduction of Norms for the Transmitters and Repeaters

The normalized electrical characteristics of the transmitter must reflect

three of its functions: as the transmitter of an AM signal, as the device
connected to the WB network, and as the transmitter of the AM signal with

regulatable carrier.

The first fact makes it possible to introduce the norms for the transmitter
with respect to the series of parameters analogously to the broadcast trans-
mitters of the long wave and medium wave bands in accordance with All-Union
State Standard 13924-68 "Transmitters, Radio Broadcast, Station. Basic
Parameters."

Accordingly, the carrier frequencies, the relative deviations of the carrier
frequencies, the rated modulation coefficient, the relative harmonic levels
of the carrier frequency, the rated powers and voltages of the carrier
frequencies, the rated input level and the input impedance of the low-
frequency input are subject to normalization.

The connection of the transmitter to the WB network requires consideration
of the actual dispersion of the load resistance with respect to modulus and
phase; therefore, the normalization of the output power must be carried out
not only for the rated active load as for the radio broadcast transmitters,
but also for a load equal with respect to modulus to the rated one, and
with the positive and negative angles.

In order to maintain constancy of the output voltage of the carrier frequency
on variation of the load resistance it is necessary to introduce norms for
the output impedance of each transmitter or increase the voltage when
dropping the load analogously to introduction of norms for the low frequency
repeater.

The presence of a regulatable carrier requires introduction of norms for the
limits of automatic gain control of the carrier frequency, the buildup time
and the decay time,

The standardization of the carrier frequencies for the two high-frequency
channels is necessary, for the TPB system, independently of its territorial

- application in the country, must have the same carrier frequencies; in the
given case these are 78 and 120 kilohertz, wherein lies its significant
difference from the introduction of radio broadcast norms in which the
frequency band is given and the carrier frequencies of the radio broadcast
stations are distributed by the territorial principle.

The standardjzation of the relative deviation of the carrier frequencies
pursues two goals: exclusion of the noticeable draft of the carrier fre-
quencies in the presence of fixed tuning of the receivers and the appearance
of noticeable beats of the carrier frequencies from the two like trans-

- mitters with significant parallel run of the feeder lines from the trans-
mitters.
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The relative deviation of the carrier frequency
. Af _ M—Fhl o
fo - T ' (3.1
where £ is the standard carrier frequency, kilohertz; f is the actual
carrier frequency, kilohertz.

The relative levels of the carrier frequency harmonics basically falling
in the long wave radio broadcast band are normalized to exclude the inter-
ference of the radio receivers in this band from the TPB system.

The harmonics of the carrier frequency are normalized with respect to each
harmonic individually and this pertains only to the most noticeable
harmonics -- the second and third for each carrier (156, 234, 240, 360
kilohertz). The relative level of the carrier frequency harmonic is

Ar.='-;—.201g9,°#'2. 1B, (2) ' (3.2)
. it

Key: 1. rated; 2. decibels

where Ug rateq 1s the rated voltage of the carrier frequency; Ufn is the
voltated of the n-harmonic of the carrier frequency.

The rated power with respect to the carrier frequency for each transmitter
is determined in the active rated load resistance for the AM signal with
rated depth and modulation frequency of 1000 hertz.

The criterion for the rated power pickup by the transmitter is satisfaction
of the norm with respect to the harmonic coefficient for the indicated
modulation frequency; here thezoutput power is

P—" >‘ » Bl 2 (
R ( ) OI ’ ( ) \3-3)
Key; 1. rat:ed; 2. watts; 3. load

where Ug is the voltage of the carrier frequency, volts; Pryteq is the
rated output power; Ry is the rated load resistance, ohms.

For transmitters with two secondary windings of the output transformer the
resistances 2Ry are comnected to each winding, and the output power is
defined by the formula (3.3).

However, in contrast to the radio broadcast transmitters, the basic guar-
anteed value for operation of the transmitter in the WB channel is not
the rated power, but the rated voltage of the carrier just as for the

station low-frequency repeater it is the output voltage of the low-frequency
signal.
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The rated voltage of the carrier frequency
Upgnp =V PRy, B. (3.4)
o <13“Rtb) -

Key: 1. rated; 2. load

The modulation coefficient m for a regulatable carrier has complex dependence
on the magnitude of the modulating signal (Fig 2.40), and basically its
maximum value is normalized corresponding to the rated voltage of the
carrier. The maximum modulation coefficient is assumed equal to 0.7

considering the difficulties of detecting the AM signal with variable
carrier.

The limits of automatic control of the carrier in the given dynamic range
of levels of the modulating signal

T = 20] U_ Ongu. , B, .
. (’3&" L -gUom (31)1 1y 3.5)
Key: 1. decibels; 2. rated; 3. min; 4. max

where Uy p4y is the minimum voltage of the carrier corresponding to the
minimum given level of the modulating signal.

The voltage buildup time of the carrier frequency is defined by the time
during which the ratio of the carrier frequency reaches a value of 0.9

UQ rated for feed of a voice signal to the receiver input with a frequency
of 1000 hertz and rated input level (Fig 3.7).

The time for the voltage drop of the carrier frequency is defined by the
time during which the voltage of the carrier frequency at the output of
the transmitter decreases from rated to 0.2 Uy r,1eq4 after picking up the
- modulating signal from the transmitter input under the conditions that
) the limits of regulation of the carrier are 20 decibels (Fig 3.7).
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Figure 3.7.  Determination of the buildup time and the decay
time of the carrier frequency voltage Uy at the
transmitter output

Key:
1. rated; 2. outside; 3. connecting line
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The high-frequency amplifiers installed in the high-frequency channel at

the present time include the two-channel intermediate repeater (DPU).

With respect to the output part the repeater is analogous to the trans-
mitter; therefore the standardization procedure ard the procedure for
determining the quality indexes basically is the same as for the transmitter.
However, there are some peculiarities.

A distinguishing feature is the normalization of the nonuniformity of the
frequency characteristic and the harmonic coefficient. Inasmuch as in the
repeater of the AM signal there are no causes for variation of the non-
uniformity of the frequency characteristic and the harmonic coefficient

in the range of low modulating frequencies, the nonuniformity of the
frequency characteristic of the repeater is sufficiently normalized and
defined in the frequency spectrum of the AM signal, that is, for the DPU
[two-channel intermediate repeater] in the fot6 kilohertz band, both for
resonance and band repeaters, and the harmonic coefficient can be
normalized beginning with 1000 hertz and more.

All of the signal/noise type ratios are normalized and defined by the
relatively normalized suppressed carrier.

The norms for the quality indexes for the DPU were obtained beginning with
the actual possibilities of introducing minimum additional distortions
into the through channel. The normalized electrical characteristics of
the DPU are as follows: the rated output power and the output voltage of
the carrier; the maximum gain; the gain control limit; the input impedance
in the AM signal band. Inasmuch as the two-channel intermediate repeater
can be used for a significant interval of input voltages, it is not the
rated input voltage that is normalized, but the maximum gain and the limits
of the gain control. Under actual operating conditions the output voltage
of each carrier frequency is defined by insuring sufficient voltages of
the high~frequency signal in the entire segment of the line included

after the repeater (Fig 3.8).

The specific norms for the quality indexes and the electrical characteristics
are presented in the corresponding sections of the description of the
given devices.

3.8. 1Introduction of Norms for Receivers

The receivers in the TPB system can be divided into two groups: individual
and group. The introduction of norms for each of these devices has its

own specific nature.

At the present time basically two types of receivers have become widespread:

the three-program speaker (GI) and the group receiver (GPTV). The
characteristic features of their standardization are investigated below.
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Figure 3.8. Diagram of the carrier frequency voltage on the
distributing feeder line with two-channel
intermediate repeater
Key:
1. volts; 2. point of installing the two-channel intermediate repeater;
3. Up ads 4 maxs 9 % km

The introduction of norms for the three-program speaker is done in
accordance with All-Union State Standard 18286-72 "Three-Program Speakers.
Techaical Specifications." The group receivers are normalized with respect
to technical conditions. Here the three~program speakers are normalized

as electroacoustic devices, and the group receivers, as electrical devices.

The three-program speaker is normalized with respect to acoustic and
electrical indexes. The introduction norms for the low-frequency channel
of the three-program speaker corresponds basically to the All-Union State
Standard 5961-66 for the single-program subscriber speakers. The norms
for the acoustic and electrical indexes of the three-program speaker on
reception of high-frequency signals have been established with respect to
classes I, II and III,

The acoustic indexes of the three-program speaker are determined by the
sound pressure, and they include the following: the rated frequency band,
nonuniformity of the frequency characteristic in this band; the average
sound pressure and the harmonic coefficient. These indexes have the same
definition as the corresponding indexes of the radio receivers and the
subscriber speakers. Here the normalized nenuniformity of the frequency
characteristic of the average sound pressure must be satisfied considering
distortions in the upper frequency range of modulation (Fig 3.5). The
harmonic coefficient is also normalized and defined without considering
the distortions.
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The normalization of the quality indexes of the electrical channels of the
three-program speaker and the group receiver (GPTV) is carried out
identically except that for the three-program speaker the electrical
channel is normalized on the voice coil of the given speaker, and for the
group receiver, at its output for any real load. For the three-program
speaker of classes I and II, these quality indexes must satisfy the require-
ments of obtaining the corresponding quality classes for the through
WB channel. For the three-program speaker of class II, the satisfaction
of this condition is not mandatory. The nonuniformity of the frequency
characteristic with respect to the electric voltage in the rated frequency
band is also defined considering the distortions of modulating frequencies
- in the subscriber rosette of the three-program speaker or at the input of
the group receiver. Simultaneous satisfaction of the requirements of non-
uniformity of the frequency characteristic with respect to sound pressure
and electric voltage for the three-program speaker does not cause any
mutual difficulties and, moreover, the observation of the nonuniformity
with respect to the electric channel promotes obtaining of the given non-
uniformity with respect to the acoustic channel. Inasmuch as the normative
"standard" for nonuniformity of the frequemcy characteristic of the through
channel with respect to All-Union State Standard 11515-65 can have any
form within the limits of the given nonuniformitizs F1 and Fp, it appears
possible to correct the frequency characteristic for the electric channel
correspondingly for satisfaction of its nonuniformity with respect to the
acoustic channel, which has significance for the edge, especially the low
frequencies of the standardized range.

The standardization of the harmonic coefficient of the electrical channel
of the TPB receivers has several peculiarities by comparison with the
normalization of the radio broadcast receivers.

The harmonic coefficient of the radio broadcast receivers is normalized
with respect to the sound pressure for a rated modulation coefficient and
average sound pressure. In the presence of the regulatable carrier the
- normalized basic harmonic coefficient of the electric channel of the TPB
receivers must be observed in the entire range of carrier regulation for
the corresponding modulation coefficients. This requirement pertains to
- the AM signal detector creating nonlinear distortions of the envelope for
small carrier voltages at its input. In the presence of the low-frequency
- channels of the receivers of the two-cycle repeaters the harmonic
coefficient for output voltages equal to 0.1-0.5 of the rated must not
exceed 0.5 of the basic one. The latter condition pertains ‘to the GPTV
[group receiver] and the GT [three-program speaker], classes I and II,
entering into the through channel. For the three-program speaker having
a high~frequency amplifier, the standard with respect to Kp must be
observed for the given increase in the input signal.

Out of all of the types of interference the greatest complexity is offered
by the normalization of the signal/intelligible crosstalk ratic. This
ratio must be defined for all types of interference when receiving AM
signals.
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The interference from the low-frequency signals of program I, the high~
frequency signals of the adjacent high-frequency channel, and the signals
from Lhe radio broadcast statlons are of this type.

All of this interference in the TPB receivers is determined by the
characteristics of the input frequency selectors, their structural execution
and the presence of communications between the low-frequency amplifier of
the receiver and the low-frequency program channel.

When normalizing the existing TPB receivers with respect to the indicated
interference there is no united terminology. The terms "mutual protection,"
"interference protection" for the three-program speaker, and "crosstalk
interference” for the GPTV group receiver are encountered. Therefore,
hereafter we shall use the term adopted in All-Union State Standard 11515-65:
signal/intelligible crosstalk ratio or, for short, the signal/noise ratio
with indication of the type of noise.

The signal/noise from the low-frequency channel ratio is normalized with
respect to the maximum voltage of the low-frequency sigmal at the input

of the receivers equal to 30 volts. Fox interference with the low-frequency
and high-frequency channels the signal/noise ratio is normalized on the
average interference frequency of 1000 hertz and upper interference fre-
quencies of 6000 hertz for the three-program speaker and 10000 hertz for

the group receiver with constant value of the input interference signal.

The adopted signal/intelligible croustalk from the adjacent high-frequency
signal ratio must be insured for the worst conditions of noise protection
of the receivers, that is, for maximum voltage of the carrier of the
adjacent high-frequency channel of 3 volts and for a ratio of the voltages
of the carriers of the adjacent and received high-frequency signals of
30:1 corresponding to suppression of the useful signal carrier by 10 times.

When defining the signal/noise ratio for the given type of interference
it is necessary to use joint inclusion of the signal and interference
sources at the input of the receiver.

The normalization of the signal/noise ratio from the radio broadcast
stations pursues the goal of insuring noiseproofness of the TPB receivers
with respect to this type of interference. In this case it is necessary
to consider the different effect of it on the circuitry of the TPB
receivers. In order to determine the given interference it is sufficient
to limit ourselves to the long wave radio broadcast range.

- The volume of the signal/intelligible crosstalk ratio for all of the
indicated types of interference in the receiver is taken from a comparison
with the magnitude of the nonlinear crosstalk occurring in the line and
it is equal to 53 decibels at a frequency of 1000 hertz.

The introduction of norms for the signal/background and signal/noise ratios
does not have significant peculiarities and is carried out for the
- suppressed carrier or in practice in the absence of it. Actually,
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- considering the noticeable excess of the background level of the noise level,
it is possible to limit ourselves to the normalization of the signal/
(background+noise) ratio or the signal/background ratio., Here, by the
background voltage U¢ we mean the value of

- Uy =_l_/ugo+uff’oo+ U%so- , (3.6)

where Ugg, Uppgs Ups50 are the harmonic voltages of the background with
frequencies of 50, 100 and 150 hertz respectively.

All of the above-presented signal/noise ratios are defined by the formula

i e o
,Au=201gu"°". xB,2) - (3.7)

Key: 1. rated; 2. decibels; 3, interference

where U . 409 is the rated output voltage of the electric channel; Ujnterference
is the voltage of the corresponding interference.

The rated output power Pyated is normalized for the rated load resistance
B and the modulation frequency of 1000 hertz; the criterion for picking up
- the rated power is the satisfaction of the given harmonic coefficient.
The rated output voltage used when determining the signal/noise ratio is
as follows:

U — ]/P R )
~ "(’ﬂR @ 3.8)
Key: 1. rated

where Ryated 1S the rated load resistance. For the three-program speaker
this resistance is equal to the resistance of the voice coil of the
speaker.

The sensitivity of the three-program speaker and the group receiver is
normalized for the rated output power and the input AM signal with modula-
tion frequency of 1000 hertz and modulation coefficient of 70%, and it is
determined separately with respect to the high-frequency channels. The
variation in sensitivity of the three-program speaker is accomplished by
preset regulators. The limits of their control are normalized, beginning
with the possible difference between the maximum and minimum values of
the high-frequency signal voltages obtained on the subscriber rosettes
depending oa the point of connection to the distributing line.

Inasmuch as the receivers are connected to the TPB distribution network,
it is necessary to normalize their input impedances for elimination of
their effect on the quality indexes of the channels and the electrical
characteristics of the line part of the TPB systems channel.
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The input resistances are normalized in the band of received signals of the
given high-frequency channel and in the bands of the adjacent high-frequency
- and low-frequency channels given by the selected quality class of the system.

When using the low-frequency repeater of the three-program speaker for
receiving low-frequency signals ("active version" of low-frequency
reception), the parameters of the channel are also normalized. The
normalization of the quality indexes is carried out with respect to the sound
pressure and with respect to the electric voltage analogously to the investi-
gated method of normalizing the high-frequency channels. The norms of the
quality indexes of the active low-frequency channel can be established just
as for the high-frequency channel or higher, taking into account the higher
quality indexes of the low-frequency channel on the subscriber rosette.

In order to avoid the appearance of interference from the detection of

AM signal in the amplifying channel, the signal/noise ratio from the high-
frequency channels is normalized for maximum input voltages of the high-
frequency signals. Among the electrical characteristics for the "active
version'" of reception of the low-frequency signals, the sensitivity and

the input impedances are normalized for all signals. The sensitivity is
normalized with respect to the united rated output power of the electric
channel, and it is taken equal to the minimum admissible voltage of the
low-frequency signal at the subscriber point, which permits compensation

and the attenuation of the low-frequency channel. The input impedance in

the frequency band of the low-frequency channel is normalized several

times (4 to 8 times) higher than the corresponding input impedance of the
signal-program speakers and the passive low-frequency channels of the
three-program speakers which permits the load of the low-frequency TPB
channel to be decreases. On the whole the normalization of the three-
program speaker with respect to the active low-frequency channel corresponds
to obtaining greater output power with lower input voltage and greater input
voltage with respect to the preserved passive channel.

i

The presence of the active low-frequency channel of the three-program
speaker makes it possible to reduce the norms that are difficult to satisfy
with respect to the passive channel, for example, with respect to the
average sound pressure.

The group receivers are normalized with respect to static and time operating
parameters of the automatic gain control. The static characteristics of
the automatic gain control are the control range with respect to input
and the limits of variation of the output voltage. The normalization of
- these characteristics is carried out jointly in the form of determination
of the minimum range of variation of the output level for the given limits
of variation of the input level (Fig 3.9). The norm for the limits of
variation of the output level of the group receiver of 3 decibels is
taken from comparison with the admissible variations in level with respect
to the low-frequency channel equal to 4 decibels. The norm for the
regulation band with respect toinput is determined from calculating the
maximum fluctuations of the input level as a function of the weather con-
ditions. The range of control with respect to the input Djpp and the
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limits of variation of the output level Dy, are defined by the existing

formulas:
Dy = 201g Uelihe 55 (), 5.9)
: zg) . e?xun-(z)
Urux make (3), 1 (7
“16) 20lg [/ —{ )AB-() : (3.10)

Key: 1. inp max; 2. inp min; 3. out max; 4. out min; 5. Dinp; 6. Dout$
7. decibels

Here the rated voltage is taken as'the maximum output voltage.

When putting the group receiver into operation it is necessary to establish
some mean initial output voltage Ugyt mean by the regulator in order to
insure the possibility of operation of the automatic gain control in

the direction of increasing and decreasing the input voltage. In practice
Uout mean=26-27 volts is no less than the voltage at the subscriber point
with respect to the low~frequency channel, and the equality of the volume
of all three programs is not disturbed.

) | T sy (OVwme T (7)

Figure 3.9. Determination of the control range of the automatic
gain control with respect to input

Key:
1. Uout 4. Uout min
- 2. Ugyt max 5. Uinp min
3. Uout mean ?- Uinp max
« Ujp
P

The time characteristics of the automatic gain control are the response
time of the automatic gain control and the time of incrleasing the gain
of the receiver by a given amount. The response time of the automatic
gain control is determined by the time during which the output signal is
distorted (limited) on heating the AM signal to the receiver input with
maximum input voltage and rated depth of modulation with the initial dis-
charged capacitor of the detector of the automatic gain control. The
time for increasing, the gain is determined by the time during which the
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output level of the signal increases by a given amount after the decrease
in input maximum voltage by several times.

As is assumed for the repeaters operating on a variable load, for the
group receiver, the increase in output voltage on dropping the load is
normalized.

3.9, Introduction of Norms for High-Frequency Devices and Lines

The introduction of norms for high-frequency devices and lines is done to
provide for transmission of high-frequency signal power with least losses
and observation of the quality indexes of the envelope of the AM signal
within the limits of the admissible values.

The transmission of the high-frequency signal power is determined by the
normalization of the transmission coefficients of the high-frequency devices,
the attenuations of the lines and moduli of the input impedances of the
high-frequency devices and the lines on the carrier frequency.

The reduction of the additional distortions of the quality indexes to a
minimum is provided for by normalization of the transmission coefficients,
the attenuation, the modulie of the input impedances and the phase angles
of the frequency bands of the AM signals.

The transmission coefficient of the high-frequency devices is a value

v, v (3.11)

where Uy, U, are the ‘input and output voltages of the given frequency
respectively.

- For convenience of the overall calculation of the line attenuation and the

attenuation of the high-frequency devices, the attenuation of the high-
frequency devices is used

E 'l‘ .. I .

. a=20|g—E, aB. (1) (3.12)
Key: 1. decibels
The transmission coefficient is normalized for equivalent load resistance.
The modulus of the total input impedance Zjipp and the ghase angle ¢ are
components of the complex input impedances zy, =Zin el . For the high-
frequency devices Zjpp and ¢ are normalized for equgvalent load resistances,
and for the line they are normalized for a real load.
The devices of the low-frequency channel used to transmit high-frequency

signals, just as the subscriber transformer, or included parallel to the
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high-frequency channel through the blocking filters (ZF), as the feeder
transformer of the transformer substation and the KRF box and also the
single-program speakers, are not normalized with respect to the high-
frequency signals. The average characteristics of the subscriber transformers
Zp and ap and the single-program speakers are determined by measurements,

and they are used when calculating the attenuation of the distributing

feeder lines and the subscriber network.

The necessity for normalizing the high-frequency devices and lines in the
frequency band of the AM signal is determined by the fact that with an
increase in the modulating frequency the frequency band of the AM signal
expands, and the asymmetry of transmission of the lower fo-F and upper fg+F
transmission of the side frequencies of the AM signal appears. This
asymmetry is expressed in inequality of the transmission coefficients
and their phase angles for the frequencies f-F and fo+F (Fig 3.10). Here
the value of the resultant vector of the AM signal Up (Fig 3.11b) varies
not according to a sinusoidal law, which leads to the appearance of non-
linear distortions of the envelope of the AM signal (Fig 3.12), and,
consequently, distortion of the low-frequency signal at the output of the
recelver detector. Thus, the given nonlinear distortions of the envelope
of the AM signal are caused not by nonlinearity of the transmission
channel, but its asymmetric frequency and phase characteristics in the
frequency band of the AM signal, which gives rise to the necessity for
rormalization of the values of K, a, Z, ¢ in the frequency band of the

- AM signal for insuring the given Kp at the input of the receivers. The
practical noticeability of the given nonlinear distortions occurs for the
modulating frequencies above 2000 hertz, which is one of the obstacles for
expanding the reproducible frequency band of the high~frequency channels
and improvement of thelr quality indexes.

>~§

N %
& " Iy -
. . ’—
F & £ f

Figure 3.10. Asymmetric frequency-amplitude and frequency-
phase characteristics
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Figure 3.11. Vector diagram of the input and output AM signals:
a) undistorted; b) distorted

Figure 3.12. One of the types of distortions of the envelope
of the AM signal for asymmetry of the side
- frequencies

A characteristic feature of the normalization of the feeder lines and the
devices with respect to the high-frequency channel is the necessity for
insuring matched operating positions of the feeder lines. The wave

impedance of the distributing feeder line, but not the pure line as in

wire communications but the real line loaded on the subscriber transformers,

appears in the role of the initial normalizing parameter. This equivalent
wave impedance zwave equiv determines the norms for the Zinp of all the

high-frequency devices installed on the distributing feeder lines and also

the total magnitude of the load resistance with respect to the high fre-

quency signals of the transformer substation for the stations with two-
- element network. The value of Zwave equiv is determined by the type of

wires, the density of the included subscriber transformers per km of

line S and their type.
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As the performed studies and calculations have demonstrated, insurance

of the matched o erating conditions of the main and distributing feeder
lines can be connected with normalization of the admissible harmonic
coefficient occurring as a result of asymmetry of the side frequencies.
Thus, it appears possible to join the energy and quality criteria of the
operating lines into one. Moreover, it is possible to estimate these two
indexes by using the total input impedance of the feeder line as the
initial parameters zjinp=Zy, eld, that is, the parameter fixed at one point,
and not distributed along the line.

In order to estimate the operating conditions of the lines it is possible
to introduce the indexes of the degree of matching with respect to input
impedance for the carriers and sidevfrequencies:

ﬁ,e‘% = _1(!_1,); n‘:éw. .='1L--;.H’e|o,_=_z,_ '
et e T Cmm U Zam (4)
S e @t @0 @3)

Key: 1. wave; 2. ihp 0; 3. inp 1; 4. inp 2

where zygaye is the total wave impedance of the line equal to zyave equivs

Zinp 0s Zinp 1> Zinp 2 for the distributing feeder lines as the total input

impedances of the line respectively on the carrier, lower and upper side
frequencies. .

In order to estimate the degree of deviation of the modulus and the phase
angle of theinput impedance from symmetric, the asymmetry coefficients are
introduced:

N [Zese Zew). A (zm CZanh 1.
=L (b _Zm). o L (fw Ty .
01 2 (sz lel)' : 2 an;+zm;a)

S T W L

Beginning with the condition for the through channel K;<5% on a modulation
frequency of 4000 hertz, the maximum admissible K; is defined for the line
part of the channel:

K<VB—4=3y%. - T @3as)
Correspondingly, the asymmetric coefficients of the frequencies of fqo+6 kilo-

hertz and the degree of matching with respect to the carrier frequency must
be the following:

0,<0,15; 6,<0,15; 0, < 10% 6,<10°% 0,7 <1 < L§;
WIS, @)

139

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

FOR OFFICIAL USE ONLY

The calculation of the damping of the line part of the high frequency
channel is carried out beginning with the condition that the main and the
distributing feeder lines have been processed, and traveling wave conditions
with respect to high frequency signals are insured for them.

The total attenuation of the three-link network channel from the output of
the transmitter to the input of the receiver is defined as:

855 = @ynn + Bo + %oy t Gpe T 8r + Cus, b, (3.17)
Key: 1. decibels (68

where gynn, OMQ, Goytrs aPO , Qy, Qa6 are the attenuation of the trans-

mitter connection circuit, the main feeder line, the transformer substation
bypass, the distributing feeder line, the subscriber transformer and the
subscriber network respectively.

For the same two-link network channel the attenuation
Qpy = Gynn + Qpy + Uy -+ Gyss A?i) o (3- 18)
Key: 1. decibels

The maximum admissible attenuation of the network a,y is defined by the
rated output voltage of the transmitter carrier Uy (yang @nd the minimum

admissible voltage Ug pec at the input of the three-program speaker:

(2)
77 120

=201 —ornep, — 90] 535)15 19
(1) g"onp(a) g (3 )

Key: 1. ad; 2. trams; 3. rec; 4. decibels

For any point of the TPB network the following condition must be satisfied:
anéaam- .. T (3.20)

The components of the total attenuation of the attenuation of the individual

devices and lines. The attenuations of the transformer substation bypass

[OUTP] and the AT [subscriber transformer] are determined depending on the

load resistance or the number of subscriber points in accordance with the

graphs in Figures 2.15, 2.17 and 3.13.

The atténuation of the transmitter conmection circuit for the three-element

network does not exceed 2 decibels, and for the two-element network, no

more than 10 decibels.

- The attenuation of the main feeder line in general form is

0
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a,,=alt , S o
u9.5 0?2) : 3.21)
Key: 1. main feeder; 2. insert

where af is the attenuation of the overhead part of the lines; aptp 1s the
attenuation of the cable insert.

The attenuation of the short cable inserts is not taken into account.

The attenuation of the distributing feede; line in general form

]
Gpp =0l + 0L+ Y Adaon -0 (3.22)
@& @

Key: 1. distributing feeder; 2. lead; 3. insert

where (! is the attenuation of the overhead section of the line; @, is
the equivalent attenuation per kilometer; aglp is the attenuation introduced
by the long cable inserts; Zda, 1.,4 is the total attenuation introduced by
the lead; the attenuation introduced by one lead Aaj, is determined by the
point of connection of the lead (Fig 3.15 and 3.15).
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Figure 3.13. Transmission coefficient, kr of the TAG-10 and
. TAG-25 subscriber transformer as a function of load
Key:
1. TAG-25; 2. kilohertz; 3. TAGikg; 4. Npoint
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Figure 3.14. Attenuation introduced by the lead as a function
of the point of connection of it for a steel line
(x is the distance from the beginning of the line)
Key:
1. 1lead 4, bajeaqs decibels
2. wave
3. kilohertz

The attenuation of the subscriber network agp is determined separately for
the building networks and the subscriber lines. Depending on the number
of floors, the attenuation of the building networks does not exceed the
following: 2 decibels for 5 to 9 story buildings, 5 decibels for 12 to
19 story buildings.

For the subscriber linmes it is recommended that the following damping be

- used: for a length of 0.3 lkm, azp=3 decibels; for a length of 0.3 to 0.6 km,
agp=5 decibels; for lines of more than 0.6 lkm, agp=10 decibels. Here, by
the length of the subscriber line we mean the length of the line from the

i subscriber transformer to the most remote point plus the length of all the

- branches included in the second half of the subscriber line.
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Figure 3,15. Attenuation introduced by the.lead as a function
of the point of its inclusion for a bimetal line
Key:
1. laja,qs decibels
2. kilohertz
3. 1lead
4. wave

When calculating the attenuations of the high frequency chanrels it is
sufficient to begin with the greatest attenuvation of one of the carrier
frequencies of 78 or 120 kilohertz.

The distortion of the attenuation increases on going away from the station
and approaching the subscriber points.

The presented radiation pattern of the carrier frequencies for the three-
element network (Fig 3.16) clearly indicates the increase in the voltage
tolerance of the carrier frequencies on approaching the subscriber point.
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Figure 3.16. Diagram of carrier voltages of high frequency
channels for the three-level systems considering
decay of high-frequency equipment and lines

Key:

1. UPTV -- transmitter

2. Transmitter connection circuit
3. Main feeder line

4, Transformer substation
5. UTP

6. Distributing feeder line
7. Subscriber transformer
8. Subscriber network

9, Subscriber rosette

10. Ug rateq=120 volts

11. volts
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CHAPTER 4. TRANSMITTERS AND REPEATERS
4.1. General Information

The transmitter of the TPB system is a set of two transmitters of AM signals
with carrier frequencies of 78 and 120 kilohertz designed to transmit two
broadcast programs by frequency multiplexing of the WB network. Thus, in
contrast to the radio broadcast transmitters operating on the emitting
antenna, the transmitters of the TPB system are loaded on the WB line, the
emission of which must be reduced to a minimum. The transmitters investi-
gated later are designed for use in the systems for building the station
part of the channel in which the conversion of the low-frequency signal to
the AM signal and obtaining the required power of the high-frequency signals
at the input of the TPB network is concentrated at one station site (Fig 2.8,
2,10 and 2.12).

A significant characteristic of the transmitters of the TPB system, in
contrast to the radio broadcast transmitters of AM signals is regulation of
the carrier voltage with respect to the corresponding law with variation of
the broadcast signal level. The introduction of the indicated regulation
leads to variation of the functional diagram of the transmitters. The dis-
tinction of the radio broadcast transmitters of AM signals is the introduction
of the frequency characteristic correction of the modulating frequencies
(raising it in the frequency range of 3000 to 6000 hertz).

At the present time the UPTV-60 and UPTV-200 transmitters have been developed.
On the basis of the UPTV-200 transmitter, by increasing the output power of
the terminal stage, a transmitter UPTV-400 has been built. The rated output
powers of each transmitter of these transmitting installations on the carrier
frequency are 60, 200 and 400 watts respectively. The quality indexes of the
indicated transmitters are determined from the condition of obtaining quality
indexes of the entire through channel which are close to class II of All-Union
State Standard 11515-65. At the present time the PTPV-400 transmitter for
channels of quality class I with output power of 400 watts and the transmitter
based on transistors for the rural TPB system with an output power of 40 watts
have been developed.
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The indicated transmitters contain the basic devices for the shaping and
the amplification of the AM signal and also the feed sources, the devices
for monitoring, automation, control and protection.

The structural diagrams of the UPTV-200 and the UPTV-400 transmitters are
- identical and they differ from the diagrams of the UPTV-60 tramnsmitters by
the feed sources, the monitoring, automation and protection devices. The
functional diagrams of the basic channel for shaping and amplifying the AM
signal of all the indicated tramsmitters are identical; moreover, the trans-
mitters of each carrier frequency of one type of transmitter are distinguished
only by the electrical data of the elements of the resomance circuits in the
high-frequency signal transmission channel.

Let us consider the functional diagram of the channel for shaping and amplify-
ing the AM signal of the indicated transmitters (Fig 4.1). The system contains
the amplification channel for the input low-frequency signal (low-frequency
repeater), the high-frequency channel made up of the carrier frequency master
oscillator (ZG), the adjustable carrier frequency repeater, the modulator

(M) and the modulated oscillation repeater (UMK) and also the channel for
shaping the control signal (regulating device). Thus, in contrast to the
radio broadcast AM transmitters, the given transmitters do not contain the
frequency multiplier, powerful modulator for modulation of the output stage;
the modulation and regulation of the carrier level are performed in the

_ circuits with low signal levels.
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Figure 4.1. PFunctional diagram of the shaping and amplification of
the AM signal of the TPB transmitters

Key:
1. Low-frequency signal input 8. Signal with regulatable carrier
2. Low-frequency repeater 9. Low-frequency signal
3. Regulator 10. Modulator
4. ZG master oscillator 11. AM signal
5. Carrier frequency signal 12. Modulated oscillation repeater [UMK]
6. Carrier frequency repeater 13. AM signal output
7. Control signal 14, Power supply
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The operating principle of the given system consists in the following. The
carrier frequency obtained in the master oscillator goes to the controlled
high-frequency repeater and the control signal shaped in the regulator and
corresponding envelope of the modulating signal (broadcast signal) go ‘

- together with it to the repeater. Under the effect of the control signal
the gain of the controlled high-frequency repeater changes, which leads to
the adjustment of the carrier frequency level by the law of the envelope
of the modulating signal, that is, to primary modulation in practice not
noticeable when heard. Then, in the modulator, under the effect of the low-
frequency signal coming from the output of the low-frequency repeater,

- secondary, basic amplitude modulation of the carrier takes place, as a result
of which the information of the broadcast signal is transmitted. The AM
signal shaped in this way is amplified by the stages of the modulated oscilla-
tion repeater.

This structure of the functional diagram of the basic channel for which at

the beginning total shaping of the AM signal with adjustable carrier is
carried out and then amplification of it, is more expedient. The use of

anode modulation in the terminal stage would require the creation of another
powerful controllable rectifier in additjon to the powerful low-frequency
amplifier of the modulator, which would cause significant difficulties. With
relatively low powers of the transmitters (on the order of hundreds of watts)
the energy advantages of the anode modulation cease to be decisive. In the
transmitters developed at the present time this principle of comnstructing

the basic channel is retained. All of the indicated transmitters have quartz
stabilization of the carrier frequency of the master oscillator, which insures
stable reception of the AM signals in the presence of fixed tuning of the

TPB receivers. With the exception of the diode modulator, all of the elements
for amplification and conversion of the signals are executed from electron
tubes, which imposes additional requirements with respect to protection
against high-voltage feed voltages.

In the existing systems for construction of the station part of the high-
frequency channel (Fig 2.12), the output power is determined by the received
maximum voltage of the carrier frequency of 120 volts and the load resistance.
For the majority of cities the number of simultaneously connected main feeder
lines does not exceed 5-6, and the power of 200 watts is sufficient. For

a part of the reference repeater stations of such cities as Moscow and.
Leningrad, with a large number of connected main feeder lines, a power of

200 watts turned out to be insufficient, which also led to the necessity for
increasing the output power to 400 watts. The most widespread is the
UPTV-200 type transmitter; the UPTV-60 transmitter is in practice not wide-
spread. At the same time, for the TPB systems of many small cities a power
on the order of 40 watts is sufficient.

When calculating the energy indexes of the UMK in the rated regime (the

output power, the dispersion power, the voltage and current amplitude, and

so on), in spite of the regulation of the carrier level, all of the relations
used for an ordinary AM signal are applicable. For the given maximum nor-
malized modulation coefficient m=0.7, the calculation relations are as follows:
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Maximum power s
P, = P.(Sl) +mP~29P, @) ’
Key: 1. max; 2. rated

where Py is the average carrier power in the absence of modulation for the
signal with rated carrier voltage;

The average power during the frequency period of the AM signal envelope

p,= P.(l+—)~l25P. L uy

The maximum voltage and current amplitudes of the AM signal are as follows:
URSU(+m =105 - (43
BG=LO+Fm=17h @4

Key: 1. max

where Uy and Iy are the rated voltage current amplitudes of the carrier in
the absence of modulation.

For the transmitter with regulatable carrier when suppressing the carrier
voltage in the interval by 10 times the output power in the interval

Py min=0-01 Py, which leads to reduction of the dispersion power under
class B conditions.

Thus, the presence of the regulatable carrier significantly reduces the
average real dispersion power of the tubes and transistors when transmitting

- the broadcast signal. The operating conditions for the rated output power
of the carrier in the given case are maximal and correspond to the maximum
broadcast signal of it. The actual average carrier level is appreciably less
than rated for the broadcast signal. This fact can be especially used to
decrease the dimensions of the thermal leads of the modulated oscillation
repeater transmitters.

At tlhe present time the AM signal repeaters include only the two-channel

intermediate repeater (DPU) installed on the distributing feeder lines to

insure the required high-frequency signal voltage along the entire length

of the feeder line (Fig 3.8). The DPU [two-channel intermediate repeater]

is made from transistors and is fed from the AC electric network.

4.2. Automatic Gain Control of the Carrier Frequency

In essence, with insignificant variations in all three types of transmitters

the same circuit is used to shape the controlling signal and the controlled

carrier frequency repeater. Let us discuss the circuit for regulating the
148
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carrier in the UPTV-200 transmitter (and also in the UPTV-400) illustrated

in Fig 4.2. The low~frequency signal voltage from the output of the
- two~stage low-frequency amplifier goes through the cathode repeater
in the tube Lgp, the transformer 111, to the double halfperiod detector
(in the tube 112, double diodes). In the RC-load of the detector (113-114),
the envelope of the modulating signal is isolated. Then the voltage of the
envelope is also filtered by the left diode of the tube 116 and transmitted
to the RC-circuit (115, 117). The DC voltage which is opposite in polarity
to the received envelope voltage is introduced successively between the
lower point of the circuit and the common point of the entire circuit through
the 120 "carrier suppression" potentiometer. Both voltages are successively
applied to the antidynatron grid of the pentode 50. The variation of the
envelope voltage leads to variation of the bias voltage on the third grid,
which also causes variation of the amplification coefficient of this pentode.
In Fig 4.3 the relation is presented for the relative variation of the carrier
voltage as a function of the bias on the third grid E.3 indicating the simple
possibility of regulating the carrier by 20 decibels. The initial suppression
of the carrier in the interval is established by the potentiometer 120 and
according to Fig 4.3, consists in feeding the bias voltage on the order of
1.5 volts for suppression by 20 decibels. When feeding the rated input signal
the negative bias is compensated by the positive voltage at the output of the
circuit 115, 117, which leads to restoration of the rated carrier level. The
right diode of tube 116 included in parallel to the third grid of the pentode,
biocks it at positive potentials, which permits the formation of the required
dependence of the carrier level on the modulating signal level, that is, the
extent of the upper section of the regulating curve with constant carrier
voltage (Fig 2.40). The required low-frequency signal voltageat the input
of the controlling detector for creation of the given regulating curve is
established by the '"control signal" potentiometer 30. The buildup time of
the controlling voltage of the RC circuit (115, 117) is basically determined
by the output impedance of the cathode repeater on the L} tube (34) by the
transformation coefficient of the transformer 111, the internal impedances
of the diodes of the tube 112 and the left diode of the tube 116 and also the
capacitance of the capacitors 114, 115. This time correspondingly determines
the buildup time of the carrier at the output of the tube 50. The steepness
of the buildup of the carrier is determined only by the indicated elements in
the case where the steepness of the buildup of the modulating signal signifi-
cantly exceeds the steepness of the charge of the capacitance 115. The
decay time of the controlling voltage on the circuit 115, 117 is determined
by the resistances 113, 117 and the capacitances 114, 117. The decay time
of the controlling voltage determines the decay time of the carrier.

In the UPTV-200 and UPTV- 400 transmitters the buildup time of the carrier
to a value of 0.9 Uy rated is on the order of 6 milliseconds, and the decay
time of the carrier to 0.2 Uy ya¢eq 15 approximately 200 milliseconds.

For further increase in noise suppression in the interval of the modulating

- signal in 1967 another method of regulating the carrier frequency level was

- proposed in which the existing smooth regulation of the carrier is maintained
within the limits of the established dynamic range of the broadcast signal
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Figure 4.3. Output level of the carrier frequency as a function
of the bias voltage E;. 3 on the third grid of the
6Zh2P tube

of 40 decibels, and with the level below this range the carrier voltage is
sharply suppressed by another 30-40 decibels, which on the whole makes it
possible to obtain carrier suppression in the interval of 50-60 decibels
(Fig 2.41). The schematic of the device for additional suppression of the
carrier for the UPTV-200 transmitter was developed in 1969. The initial
operating principle of the given device was investigated in Section 2.12 and
illustrated in Fig 2.43, The schematic diagram of the device is illustrated
in Fig 4.4. The circuit elements which belong to the UPTV-200 transmitter
are denoted only by the numbers in accordance with Fig 4.2; the circuit
elements of the device are designated in accordance with the type of element.

The device consists of a two-stage amplifier-limiter based on the L} tube
(6N2P), a rectifier with respect to the voltage doubling circuit based on
semiconductor diodes Dy and Dy (D226D), the parametric stabilizer Rg, Ej
(D809), the DC amplifier based on the transistor Ty (MP37A) and the switching
diode D5 (D226D). The device operates as follows. The amplifier-limiter of
the instantaneous values maintains the initial dynamic range of the broad-
cast signal at 40 decibels to several decibels at the input of the rectifier.
The parametric stabilizer reduces the limits of variation of the DC voltage
still more, reducing in practice the entire dynamic range of the broadcast
signal to one value of the DC voltage on the D3 stabilitron. A voltage
determined by the broadcast signal and the DC voltage on the resistor Rjj are
applied to the base of the transistor T3 in opposite polarity.

In the presence of the broadcast signal, the voltage of inverse polarity on
the stabilitron D3 exceeds the voltage of direct polarity on the resistor Rj;
as a result of which the transistor T] is closed and the diode D5 does not
shunt the carrier frequency at the input of the pentode 66.
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In the broadcast transmission interval the voltage on the stabilitron Dj
decreases sharply, and the transistor opens under the effect of the direct
voltage, which causes transmission of the current through the diode Dg5 and

tn practlce short circuiting of the input of the tube 66 with respect to the
carrier frequency.

The device can be placed in the UPTV-200 master oscillator unit, and all of
the feed voltages are taken from its circuitry. The obtained total
suppression of the carrier in the interval was 65-68 decibels; for the
switching zone (Fig 2.42) it was 2-3 decibels. The performed operating tests

- of the device in the MGRS [Moscow City Radio Wire Broadcasting Network] over
a period of several months in 1970 demonstrated its reliable operation and
absence of additional distortions of the AM signals.

4.3. UPTV-200 and UPTV-400 Transmitters
General Information

The UPTV-200 and UPTV-400 transmitters have to a great extent similar
structural diagrams and structural executions.

The UPTV-200 transmitter was developed by the Scientific Research Institute
for Radio of the Ministry of Communications in 1962, and at the present time
it is basic [16]. The UPTV-400 transmitter was built at the MGRS in 1963 on
the basis of the UPTV-200 by increasing the output power of the terminal

- stage to 400 watts.

The UPTV-200 and UPTV-400 transmitters have the following basic electrical
characteristics:

1. Carrier frequencies of 78 and 120 kilohertz.

2. Amplitude modulation. Rated modulation coefficient of 70%.
3. Regulation of the carrier level of 20 decibels.

4., Rated carrier voltage of 120 volts.

5. Rated load resistance for the UPTV-200 transmitter of 72 ohms and for the
UPTV- 400 transmitter of 36 ohms.

- 6. Rated frequency band of 50-6000 hertz.
7. Admissible nonuniformity of the frequency characteristic within the
limits of the frequency band to 3 kilohertz is 2 decibels. On a frequency
of 6 kilohertz the increase in the frequency characteristic reaches +4 decibels.
- 8. The harmonic coefficient with respect to the envelope for the rated
modulation level in the frequency band of 200-4000 hertz is no more than 2.5%,
and in the 100-200 hertz band no more than 47%.
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9. The signal/background ratio on frequencies of 50 and 100 hertz 1is no
less than 60 decibels,

10. The rated input signal level for the broadcast transmission is 0 decibels
(0.775 volts).

The functional diagram of the channel for shaping and amplifying the AM signal
is presented in Fig 4.1 and it is investigated in Section 4.1. Let us con-
sider the structural diagram of the transmitters in accordance with their
structural execution (Fig 4.5).
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Figure 4.5. Structural diagram of the UPTV-200 and UPTV-400

transmitters in the panel execution

Key: )

1. Low-frequency input 7. Acoustic monitoring panel
- 2. Master oscillator panel 8. Voltage stabilizer ~220 volt
3. Modulating oscillation repeater panel
panel 9. 2600 volt feed panel

4. To the TPB lines 10. To the modulating oscillation
5. 260/550 volt shade panel repeater
6. Measurement panel 11. .220 volts

The structural diagram of each transmitter consists of seven panels:

the

modulating oscillation repeater panel (UMK); the master oscillator panel

(ZG); the measuring panel; the acoustic monitor panel; the 260/550 volt feed

panel; the 2600 volt feed panel; the voltage stabilizer panel.

- The ZG and
AM signal.

the UMK panels are the channel for shaping and amplifying the
The remaining panels perform the functions of measurement,

monitoring and feed of the basic channel for shaping and amplifying the
AM signal.
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ZG and UMK Panels

The total schematic diagram of the master oscillator and modulated oscillation

repeater panels of the UPTV-200 transmitter is presented in Fig 4.2. The -
low-frequency input signal goes through the level control (PY) 4, the

transformer 8, the "demodulation control'll to the two-stage low-frequency

amplifier executed from a double triode 15 (6M3P). The left triode of this

tube is included by the circuit with common cathode, and the right triode,

by the cathode repeater circuit.

The control 4 is used to set the rated (0) low-frequency level in the I wind-

ing of the input transformer 8. The regulator 11 is used to set the rated

depth of modulation. 1In order to improve the noiseproofness of the AM signals

with respect to the low-frequency signals of program I, an increase in the

frequency characteristic in the upper modulating frequency range is formed

in the low-frequency amplifier by introducing frequency-dependent current

feedback realized by a series circuit of elements 18, 23 and 20. The given

circuit has resonance on approximately a frequency of 8 kilohertz. On fre-

quencies about 2 kilohertz the depth of the current feedback decreases, as

a result of which an increase in the upper modulating frequencies is created.

Remodulation does not occur on the upper frequencies as a result of diminished

level of these frequencies inthe broadcast signal spectrum. In the receivers

the given increase is compensated by the corresponding trough. From the

low-frequency amplifier output the total level of the low-frequency signal is

fed to the diode modulator, and part of the low-frequency signal from the

"controlling signal" regulator (30) is fed to the cathode repeater based on

the Ly tube (34). The shaping of the control signal by the elements 112-117,

120 and the gain control of the tube 50 are investigated in Section 4.2. The -
generation of the carrier frequency is carried out on the Ly triode of the -
6M3P tube (34). The generation frequency is stabilized by a vacuum quartz

operating by the parallel resonance scheme. -

Part of the carrier voltage is picked up from the anode circuit 33, 38, 40
of the master oscillator and is fed through the capacitor 41 to the first
grid of the pentode 50. For stabilization of the operating conditions of
the master oscillator and the controlled high~frequency amplifier the feed
voltage of their anode circuits is stabilized by the SGLP stabilitron (37).
From the anode circuit of the pentode 50 the carrier voltage is transformed
by means of the high-frequency transformer 54 to the diode modulation
circuit.

Thus, the diode 55 (D2Zh) is under the effect of two successfully applied

carrier voltages and the low-frequency signal, which leads to obtaining the

AM signal in the circuit made up of the inductance 57 and the capacitor 61.

The modulation is realized by varying the cutoff angle of the carrier

frequency current in the diode circuit. The cutoff angle always remains

normal, as a result of which proportionality is retained between the ampli-

tude of the modulating low-frequency sigpal and the amplitude of the first -
harmonic of the carrier on the circuit 57, 61.
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- This modulator corresponds well to the requirement of independence of the
amplitude of the envelope of the modulated oscillation with respect to the
amplitude of the carrier required when using the carrier with regulatable
level. 1In addition, the diode moduiation insures very small nonlinear dis-
tortions even with a reduction in the carrier level while maintaining the
deep modulation. In order to suppress the carrier frequency harmonics, the
AM signal is fed from the circuit 57, 61 through the low-frequency filter 63;
62 to the input of the first stage of the modulated oscillation amplifier
based on the 6P15P tube (66). In order to establish the required output
voltage of the transmitter, the "high-frequency level" regulator is used (64)
at the input of the tube 66. The amplifier based on the 6P15P pentode
operates in the class A regime. Then the AM signal goes through the
symmetric transformer 74 tuned to the high-frequencies to the preterminal
double-cycle stage based on the 6PL5P tubes (80, 83) operating as the voltage
amplifier in the class A regime. The cathode circuits of all the 6P15P tubes
(66, 80, 83) include the resistances 70, 84, 85 for measuring the currents
of these tubes. The differential relay 93 is included in the anode circuit
of the preterminal stage.

The preterminal stage is connected to the terminal stage by means of the

high-frequency transformer 96, two secondary windings of which form parallel
- " circuits with the capacitors 97, 98. The output stage of the UMK [modulated
oscillation amplifier] located on the UMK panel is executed in accordance
with the double-cycle circuit based on the GU-81 tubes (11, 28, the number
of the circuit elements of the UMK panel is separate). The GU-81 tubes
operate in the AB class regime without grid currents. The output transformer
37 is executed from a torus made up of four Alsifer halfrings type VChK-22
(outside diameter 75 mm). It is necessary to note that the high voltage
transformer executed from the torus of relatively small diameter requires
careful manufacture from the point of view of the electrotechnical
characteristics of the insulating materials of the inserts and the winding
wires,

The primary winding of the output transformer is tuned to resonance on the
carrier frequency by the capacitors 38 and 43. In order to exclude the
mutual effect of the transmitters on successive inclusion of them, two
secondary windings of the output transformer are created. The series circuit
(39, 41, 50, 51) tuned to the carrier frequency of the adjacent transmitter
is included in parallel to each winding. This makes it possible in practice
to exclude the power losses of this transmitter. The terminal and the pre-
terminal stages of the UMK are encompassed by negative feedback with respect
to voltage with depth on the order of 18 decibels, which insures sufficiently
small output impedance of the transmitter (on the order of 7 ohmg) and an
increase in voltage on dropping the load of no more than 1 decibel. The
negative feedback is fed from the dividers 6, 7 and 31, 32 of the UMK panel
to the first grids of the 6P15P tubes (80, 83) in series through the
secondary circuits of the transformer 74. The required bias voltage of the
terminal tubes is established by the potentiometer 4 led to the face of the
UMK panel. In order to decrease the voltage variation of the anode feed
of +2600 volts, a ballast resistance (45-49) is included in parallel to the
power supply. For monitoring the constant components of the anode currents
156
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of the GU-81 tubes, their cathode -eircuits include milliammeters 16 and 22
and a differential relay 14. In order to monitor the low-frequency and
high-frequency voltages in the master oscillator and modulated oscillation
amplifier panels [ZG and UMK panels] there are control plugs.

In the plugs 6 and 31 of the ZG panel, the low-frequency voltages are
monitored; in the plug 100 of the same panel, the high-frequency voltage is
monitored. In the plug 44 of the UMK panel the output carrier voltage is
monitored.

The filament feed of all tubes of the 2G and UMK panels is realized from
special filament voltage transformers installed on these panels. The
stabilized voltage of 220 volts is fed to the filament transformer of the
ZG panel.

The UPTV-400 transmitters are distinguished with respect to the UMK only by
the schematic and structural execution of this panel. The final stage of
the UMK is made in accordance with the two-cycle circuit of 4 type GU-81
tubes (two tubes in each arm) operating in the class B regime. The
characteristic feature is the execution of the output high-frequency trans-
former. The transformer is executed from an armored core of eight pairs of
unitized I-type ferrite cores type F-600, which makes it possible to decrease
the transformer dimensions and losses in the core. The variation of the
magnetic induction from 450 to 50 gauss causes variation of the resonance
frequency of the output circuit in the primary winding of the transformer
from 120 to 121 kilohertz, which is admissible with low Q-factor of the
circuit (Q=5). The output circuit is tuned by varying the air gap of the
transformer, to prevent overheating the magnetic induction in its core
must not exceed 450 gauss. The calculated gap is 5 mm.

The output resistance of the transmitter is 4 ohms, and the variation of the
output voltage when dropping the load does not exceed 1.2 decibels.

Measuring Panel

The measuring panel is designed %o measure all of the DC feed voltages, the
currents of the individual tubes of the ZG panel, the AC network voltage
and also for visual monitoring of the AM signal.

For measurements of the voltages and currents, one indicating instrument
is used which measures the current of the 6P15P tube (66) of the ZG panel,
the currents of the 6P15P tubes (80 and 83) of the ZG panel (each tube
individually and their total current); the voltage of the 220 volt AC network,
the anode voltage of +2600 volts of the UMK panel, the grid voltage of the
tubes of +550 volts of the UMK panel, the bias voltage of the tubes of
=170 volts of the UMK panel, the bias voltage of -23 volts for suppression

- of the carrier in the ZG panel, and the anode voltage of +260 volts of the
tubes of the ZG panel for various positions of the measurement switch.
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Visual monitoring is realized by the oscillograph using the 5L038 tube.

With a sufficient degree of accuracy for practice with respect to the

tube grid divisions it is possible to determine the modulation coefficient

and the depth of control of the carrier and also to estimate the maximum
depth of modulation in time of a real transmission. The monitoring AM signal
is fed to the tube from the output of the band filter of the acoustic monitor-
ing panel. The feed of the anode circuits of the tubes in the tube of the
measuring papel is provided from the +550 volt power supply.

Acoustic Monitoring Panel

The acoustic monitoring panel monitors the fitness of the basic channel by
means of the "input-output" comparison circuit, acoustic monitoring, the -
creation of a bias voltage of -170 and -23 volts.

The "input—output" circuit compares the envelopes of the low-frequency
signals at the input and output of the transmitter. For this purpose the
output voltage of the AM signal is detected initially for isolation of the
low-frequency signal, and then the low-frequency signal obtained is detected
for isolation of the envelope of the low-frequency signal. The low-frequency
input signal is detected once for isolation of its envelope. The voltages
obtained for the envelope of the low-frequency signal are fed to the
individual windings of the polarized relay which responds and attenuates

an emergency signal for the relative variation of input and output levels

of the transmitter of +5 decibels. The polarized relay used with fixed
extreme positions permits an emergency signal to be obtained even at trans-
mission peak. In order to return the relay armature to the initial position,
a separate. button is used.

For acoustic monitoring, a low-frequency signal is used which is obtained
after detection of the AM signal for the "input—output" circuit. As the
sound reproducing device, the dynamic 1GD-18 speaker is used with an intake
power of 250 milliwatts. Its volume control is realized by a step regulator
with constant input impedance. The low-frequency signal obtained after
detection of the AM signal is also used to feed the return mcnitoring to the
TsUS with a voltage of 5.5 volts. This low-frequency signal voltage is
picked up from a separate winding of the transformer.

The bias rectifier with a voltage of -170 volts is made by the bridge system
from the D7Zh type diodes. In order to smooth the pulsations, the LC-filter
is used. Part of the voltage equal to -23 volts stabilized by two reference
diodes of the D81l type is fed to the ZG papel for creation of the initial
bias on the 6Zh2P regulatable pentode and to the "input-output" circuit for
feeding the transistorized repeater. By means of another divider, a voltage
of ~48 volts is selected for feeding the emergency bell and two relays in
the 260/550 volt feed panel.
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260/550 Volt Feed Panel

The 260/550 volt feed panel is designed for creating a feed voltage of +260
volts of the anode circuits of the ZG panel tubes and a feed voltage of

+550 volts of the second grid of the tubes of the modulated oscillation
repeater panel and also the tubes and the electron-beam tube of the measuring
panel. Two rectifiers with voltages of +260 and +550 volts are placed on the
panel.

The feed rectifier at +260 volts is executed by the grid circuit from D7Zh
type diodes, two diodes in each arm For filtration of the pulsations the
LC-filter is used. A divider is connected to the filter output from which a
voltage of +4 volts is picked up for the emergency relay contacts.

The rectifier with a voltage of +550 volts feeds the second grids of the

GU-81 tubes and the measuring panel tubes. The rectifier circuit is a bridge
circuit made of D7Zh type diodes, three diodes in each arm. The output of the
rectifier has the LC-filter conmnected to it which is loaded on an additional
ballast resistance of 20 kilohms. A rectifier of 4550 volts is fed from the
ferroresonance stabilizer. The toggle switch for switching on the transmitter
and the switch for the type of control of the transmitter "local-remote," are
taken out to the face of the panel.

= 2600 Volt Feed Panel

The anode feed rectifier of the GU-81 tubes is designed for an intake current
of 0.5 amps, and it is made by the bridge circuit from silicon diodes of the
D205 type included in series, 12 each in an arm. The rectifier operates from
the LC-filter. In order to improve the stabilization of the rectified voltage,
a ballast resistance located on the modulated oscillation repeater panel

which consumes a current of 90 milliamps is included in parallel to the load.

A rectifier of +2600 volts of the UPTV-200 transmitters has significance differ-
ences. It is made by the six-phase Larionov circuit from 54 D205 type silicon
diodes, nine in each arm. In the presence of a three-phase elec¢tric network at
the station the application of this rectifier circuit is the most expedient.
The multiphase rectifier circuit insures low output impedance and the

necessity drops out for a ballast resistance. The execution of the smoothing
filter is simplified, the rectifier efficiency is increases with the same
rectified power. The rectifier is designed for maximum intake current of

1.2 amps, the actual current in the maximum power regime does not exceed

0.6 amps, vhich makes it possible to get along without the radiators to the
diodes.

Voltage Stabilizing Panel
In this panel there is a 200-watt ferroresonance stabilizer of the SN-200

type which feeds the +550 volt rectifier and the filament transformer of the
ZG panel.
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Control, Monitoring and Protection

The UPTV-200 and UPTV-400 transmitters are designed for local and remote
control. For remote control, protection and monitoring of the transmitters,
automation elements are introduced into the circuitry of each transmitter.
The automation circuitry permits us to switch the transmitters on and off,
receive signals about the execution of the commands, realize monitoring of
the operation of the transmitter and perform some protective functions. The
control of the set of transmitters can be realized either with the help of

a free panel of the UPI servounit (from the remote control set for the UUP-1
or UUP-2 amplifier substations) or direct current over the connecting line
for feeding the programs over the circuit made up of the "two wires to ground"
using the UVA-1 panel. The filament feed and anode voltages are connected

to the UMK [modulated oscillation repeater] panel and the measuring panel
separately in time. On response of the first servorelay the feed voltage

is fed to the bias rectifier; the anode rectifier of +260 volts, the ferro-

- resonance stabilizer and the winding of the delayed relay which with a delay
of 18 seconds feeds a low-frequency voltage from the input of the ZG panel to
the "input-output" circuit. This delay is sufficient to exclude the false
response of the "input-output” circuit on random inclusion of the transmitter
with the previously fed modulating signal. The inclusion of the anode
rectifier of 42600 volts and the rectifier of +550 volts is accomplished

with a delay of 2 seconds; after inclusion of the bias rectifier this delay
is realized by the relays included in the bias rectifier circuit.

The automation system which realizes the monitoring of the correctness of
operation of the transmitter includes the "imput-output" comparison circuit
which generates the emergency signal with relative noncorrespondence of the
input and output levels at +5 decibels. The polarized relay used in the
system receives emergency signals from all of the protective relays, includ-
ing the differential relays installed in the two-cycle stages of the modulated
oscillation amplifier. In the transmitters there are sound and light signals
- about emergencies and failures. The sound signals usually bell in case of
- local control for all emergencies recorded by the polarized . :lay of the
acoustic monitoring panel, and the light signal indicates the presence of
feed voltages on the corresponding panels and also burning of the fuses in
the AC feed circuits of the +2600, +550 and +260 volt rectifiers. When
opening up the rear doors of the transmitter the blocking picks up the high
- voltage feed voltages and discharges the capacitors of the +2600 volt recti-
fier.

The connection of the feed voltage of the electric network, the low-frequency

B signal, the remote control and monitoring devices and picking up high-frequency
voltages are accomplished by means of the terminals installed on one plate

- of the inputs located below the transmitter, on the rear side.
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4.4, UPTV-60"' Transmitter

The UPTV-60 transmitter was developed in 1960, and it is the first type of
transmitter used in the adopted TPB system. :

The functional diagram of the channel for shaping and amplifying the AM
signal is the same as for the UPTV-200 and UPTV-400 transmitters and it was
investigated in Section 4.1.

Structurally each transmitter will contain four panels of the modulated
oscillation repeaters, the ZG panel, the anode rectifier panel, the bias
rectifier panel and the voltage regulator.

The functional diagram of the master oscillator panel is the same as the
UPTV-200 transmitter. Moreover, the schematic diagram of this panel differs
insignificantly from the ZG panel in the UPTV-200 transmitter.

In contrast to the UPTV-200 and the UPTV-400 transmitters, the output power
of the UPTV-60 transmitter is created by four UMK, 15 watts each. The output
of each amplifier is designed for connection of one main feeder line for a
distributing feeder line when providing a carrier frequency voltage at the
input of the 95-volt line.

The output carrier voltage is set by the high-frequency level regulator
included at the input of the first stage of the modulating oscillation
repeater. For monitoring the output voltage of the carrier, an electronic
display based on the 6Ye5S type tube 1s used. The dark section of the display
is closed for values of Ugyt=90 volts and m=70%.

A toggle switch permitting the feed of the individual module of the UMK to
be disconnected is led out to the face panel of the UMK panel.

The acoustic monitoring pamel contains a dynamic speaker and receiver. . The
output transformer of the low-frequency repeater of the receiver has a
separate winding for connection to the reverse monitoring line. The input
of the monitoring receiver can be connected to the output of any of the
four UMK modules with the help of a switch.

The modular construction of the transmitters during operation of each module
on a separate load complicates obtaining the inverse acoustic monitoring in
the case of remote control of the transmitter, for transmission of the
instructions to switch the return monitoring line to each module or the four
return monitoring lines is required. In order to overcome this deficiency

it is possible to use addition of the powers of the individual modules on a
common load. Comparatively low carrier frequencies, a common master
oscillator, a wide UMK transmission band and short lengths of the mounting
wires create the possibility of strict cophasal addition of the output signal
without power losses. For low resistance of the UMK outputs, series inclusion
of them is possible (Fig 4.6).
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Figure 4.6. Schematic of the power addition of the UMK in the
UPTV-60
Key:
1. UMK [modulated oscillation repeater]
2. to the load
3. Master oscillator

With this circuit diagram the unavoidable differences in the output voltages
and the distances do not cause additional power losses. In order to insure

" rated output voltage of 95 volts, a lead from the quarter of the turns of the
secondary winding is used. Here the output resistance of each UMK module
decreases approximately to 4 ohms. It is possible to comnect up to 8 feeder
lines with an output voltage of no less than 75 volts to the common output
of the transmitter with addition of the UMK powers.

- The electrical characteristics of the UPTV-60 transmitter, with the exception
of the output power, basically are the same as the UPTV-200 transmitter.

4.5. Connection of the Transmitters to the TPB Circuit
General Information

The investigated TPB transmitters are designed for installation of a centralized
network at the stations and also at the reference repeater stationms (ous),
the repeater substations (UP) and the substation blocks (BP) for the de-
centralized network. In accordance with this definition, the transmitters
must have the possibility of the conmnection to the three-element, the two-
- element and mixed WB circuits. Let us consider the circuitry for connecting

the transmitters to the TPB network.

Connection to the Main Feeder Lines

The connection of the UPTV-200 and the UPTV-400 transmitters to the main
feeder lines is made through the devices for connecting the UPP-1 trans-
mitters (Fig 4.7) which are symmetric high-frequency transformers with trans-
formation coefficient of n=1:1 and tuned in the primary winding circuit to
carrier frequencies of 78 and 120 kilohertz. The secondary windings of the
high-frequency transformer of the transmitter connecting circuit are
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connected to each other through two series circuits tuned to the carrier
frequencies.

The two secondary windings taken from each output transformer of the two
transmitters and included in series form the joint output of the two trans-
mitters to which several main feeder lines are connected through their own
UPP-1 [transmitter connecting circuits}. The secondary windings of the two
transmitters are connected to each other in the sequence such that the
currents from the adjacent transmitter will flow in the secondary windings
of one output transformer in opposite phase. The total load resistance
connected to the two UPTV-200 outputs must be no less than 72 ohms and no less
than 36 ohms for the UPTV-400. Here it is necessary insofar as possible to
distribute equally the load resistance between the two outputs of the trans-
mitters in order to decrease the mutual effect of the transmitters.

The UPP-1 are installed in the output commutation phase (SVK) and they are
connected between the II winding :of the step-up meter transformer and the
linear protection elements (fuses and lightning arrestors).

When comnecting the transmitters to the main feeder lines having cable insert
with the input with a capacity to 5600 picofarads identical for frequencies
of 78 and 120 kilohertz it is necessary to decrease the capacitance C3,
achieving tuning of the LjCj circuit to a frequency of 120 kilohertz consider-
ing the input capacitance of the cable insert. With a capacitance of the
. cable insert of 5600 picofarads the capacitor C3 is completely disconnected.
_ The tuning of the L1C3Cg circuit to a frequency of 78 kilohertz is not required,
for its tuiing is maintained on connection of the capacitance CG=7500 pico-
farads to the invariant total capacitance of the capacitor C3 and the cable
insert. With different input capacitance of the feeder line for frequencies
of 78 and 120 kilohertz it is necessary to tune separately for each carrier
frequency. Initially, the tuning to a frequency of 120 kilohertz takes
place by variation of the capacitance C3, and then, the tuning to a frequency
of 78 kilohertz, by selection of the capacitance Cgq.

Connection to the Distributing Feeder Lines

For connection of the transmitters to the distributing feeder lines, two
versions can be used. In the first version, the distributing feeder lines
are connected through the common UPP-3 device analogous to the UPP-1 device
(Fig 4.7), but having a transformation coefficient of n=3.16:1 and correspond-
ingly altered values of the elements of the secondary circuit L2, L3, L4,

Cy and Cy. The input impedance of all the feeder lines must be no less than
60 ohms (approximately 10 distributing feeder lines) on carrier frequencies
of 78 and 120 kilohertz. The output voltage of the carrier frequencies on

a common bus of the distributing feeder will be on the order of 30-40 volts.
The tuning of the UPP-3 to carrier frequency of 78 and 120 kilohertz will be
carried out analogously to the tuning of the UPP-1. Here the limiting
magnitude of the input capacitance of all the feeder lines must not exceed
5600 picofarads.
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Figure 4.7. Connection of the transmitters to the main and the
distributing lines

Key: )

1. From the repeater I of the 11. Common bus of the distributing
low~-frequency channel feeder

2. Transformer 12. Operation

3. UPP-1 13. Variation

4, Main feeder 14. Limiter

5. Transmitter for the II program 15, RF-10 distributing feeder

6. Output transformer 16. RF-1 distributing feeder

7. Transmitter of the III program 17. Riim

8. I output 18.

9. II output 19. Distributing feeder

10. UPP-3 transmitter connecting bay (STR)
circuit

In the second version in the absence of UPP-3, the connection of the
transmitters to the distributing feeder lines can be made by using elements
of the structure for connecting the transformer substation (Fig 4.8).

The feeder lines are connected to the transmitter through the bypass (OUTP)
having the same transformation coefficient as the UPP-3. Between the output
of the low-frequency repeater and the common bus of the distributing feeder,
blocking filters are included (ZFR). The compensation for the input
capacitance of the feeder lines is accomplished in this case on inclusion
of a series circuit tuned to a frequency of 100 kilohertz parallel to the
output of the low-frequency repeater to the terminals 5-6. In order to
compensate for the capacitance of the lines it is necessary to decrease the
capacitances in the parallel ZFR circuits, achieving tuning of them to
frequencies of 78 and 120 kilohertz with input capacitance of the lines.
This tuning is accomplished with respect to the maximum transmission
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coefficient of the OUTP when feeding high-~frequency signals to the OUTP
through the series resistance R=600 ohms,

© _ ;
i IPK7)  Chaer ua PO 2 (10)

' B s s

E b s \ :
AT - i i ' ) W Dy 1
. s S ‘ _ i; 15‘7‘-’?”_'__’37"__ §1%§
CL oy (B) L [ — el (13),
(L) (7 nw{q ; : fez H [
(2) W —{H

-

g wez . .
”":5‘":’:;5’;""' - (6) t.mml( m;;:lum:fwu Fulesod(E)
17 . L

) Ay \R{ﬂmm ;
) gj , sy - bl — e @
{T :

i

= . .:L_,__.._ )
2 ’mlf;{ . .v'J_: e e
- $3; /lv::.'mvnﬂﬂy A

Figure 4.8. Connection of transmitters to the distributing
feeder lines (Version II)

Key:

1. Tranmsmitter for program II 10. RF-10 distributing feeder

2. Output transformer 11. Operation

3. Transmitter for program III 12. Measurement

4, UPP-1 transmitter connection 13. Limiter
circuit 14, RF-1 distributing feeder

5. To the main or distributing 15. Rjjip
feeders 16.

) 6. OUTP [Transformer substation 17. Distributing feeder bay

bypass]. (STR)

7. ZFR

8. From the repeater I of the
low-frequency channel
p 9. Common bus of the distributing
feeders

Connection of the Transmitters to the Mixed Circuit

The connection of the transmitters to the mixed circuit made up of the main
and distributing feeder lines can be made by the circuits in Fig 4.7 and 4.8.
For eagh type of wire network, its own version of connection of the trans-
mitters is used. Here it 1s necessary that the total load resistance
reduced to the secondary windings of the output transformers of the trams-
mitters be no less chan the rated and it be distributed uniformly between
two secondary winding:. In the presence of long distributing feeder lines
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with attenuation of more than 20 decibels, the UPP-2 can be used with
transformatlon coefflclent n=l1.73:1 and rated load resistance of 200 ohms.

4.6. Two-Channel Intermediate Repeater (DPU)

The introduction of the TPB on the city networks demonstrated that there

are cases where on satisfaction of the norms for attenuation of the first
(low-frequency) channel, the requirement of insuring minimum admissible

level for the high-frequency programs of channels II and III is not satisfied.

This occurs on the distributing feeder lines having long leads and cable
inserts, and with long lengths of the basic direction. In these cases, in
practice it is recommended that a distributing network be constructed, the
load be redistributed between the distributing feeder lines, the structure
of the line be changed with a decrease in the number of leads, and their
length.

However, this procedure is not always expedient because it is connected
with construction operations. The increase in voltage at the input of such
feeder lines also is inexpedient as a result of the energy expressions which
disturb the effects during emergencies on the lines and overloads with
respect to the input for the receivers.

A simpler solution can be the application of additional amplification of
the high-frequency signals in the channel by installing the repeater and
the distributing line circuit.

For qualitative and quantitative estimation of the set of possible cases,
let us use the previously calculated hypothetical versions of the lines
distinguished by the load density S, the number of leads and the materials
of the lines. The leads more than 300 meters long are taken into account.

The «ffect of the leads on the attenuation of the high-frequency signals
for various loads is well illustrated by the graphs depicted in Fig 4.9.

The value of the voltage corresponding to the voltage at the beginning of
the line and taken equal to 30 volts is plotted on the y-axis.

The line drawn as the dotted line corresponds to the minimum admissible
value of the whole equal to 3 volts for which high-quality reception of the
high-frequency programs is insured. The value of the length of the lines
expressed in kilometers is plotted on the x-axis. A segment is marked off
on it which is in the form of the maximum length of the lines normalized
with respect to attenuation analogously to the requirements of the low-
frequency channel in accordance with the electric norms (fpax 10w frequency)‘

Curve a andthe dotted line intersect beyond the limits of the maximum
length of the line (point By). This means that from the point of view of
the required level of high-frequency signals the line without leads has a
reserve.
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The curves b (1 response/km) and ¢ (2 responses/km) indicate the effect of
the leads on the attenuation of the high-frequency signals, and they confirm
that in spite of the satisfaction of the attenuation norms with respect to
low frequency, the levels of the high-frequency signals for such lines will
be reduced (after the points B2 or Bg).

The two-channel intermediate repeater is designed for repeating the high-
frequency signals on such lines.
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Figure 4.10. Block diagram of the DPU

L

Key:
1. Distributing feeder 6. Power supply
2. Low-frequency filter 7. Stage II repeater
3. High-frequency band filter
4. Repeater of channel I
5. High~-frequency filter

The structural diagram of the repeaters is presented in Fig 4.10. The

DPU is included in the circuit break of the distributing feeder iline. The
signals of each high-frequency channel have been amplified separately, and
the amplified signals again are fed to the distributing line. The source
resistance Zj is the output resistance of the part of the line from its
beginning to the point of connection of DPU, and the load resistance, the
second segment of the line (after the DPU).

The operating principle of the device consists in the following. The
frequency spectrum of the three channels is fed to the input separation
junction made up of three filters: low-frequency filter (FNCh), the band
filters IT and III of the channel (the PFVCh [high-frequency band filter]),
the PFVCh filter transmits the frequencies of the channel itself with
minimum distortions, it significantly attenuates the signals of the adjacent
channels. After filtering the signals are amplified by channel amplifier
at the exit of each of which a band filter is installed.

Then the signals from both intensifiers of the high-frequency signals are
felt in one element of the high-frequency filter and they go to the line.
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The channel high-frequency repeater is fed from the stabilized rectifier.
The repeater operates the conditions of small fluctuations of the source
resistance of the signal and the load resistance which are equal to the

wave impedance of the process line. For the bimetal, steel and copper lines
the wave impedance is equal to 600 ohm3+20%; for steel lines it is

- 800 ohms+20%. Therefore the creation of input and output filters for the
channel repeaters gives rise to no difficulties. The situation is different
with the high-frequency filters on which the following requirements are
imposed: the signals of the low-frequency program must be transmitted with-
out noticeable frequency distortion band, in addition, the low-frequency
filter must perform the functions of the blocking filter so as to insure
that the feedback with respect to high frequency from the output to the
input of the channel repeaters is essentially weakened. The feedback can be
the cause of distortions of the frequency characteristics of the channel
repeaters. The low-frequency filter operates under the conditions of large
variations of the input and load impedances which depend on the frequency,
the wire material, the voltage of the low-frequency channel and the number
of subscriber points serviced by the DPU.

The source resistance Zi for the low-frequency filter is defined as follows.

A segment of the line, the secondary winding of the transformer of the

transformer substation-input DPU can be considered as a line loaded under

small resistances. Then Zl=. £ x+Za where Zy is the inside impedance
14-2,Y,

of the source of the low-frequency program; Zg, Yy are the parameters of the

line expressed per kilometer.

Inasmuch as Zy<<Zg, Z;=(R+iwl)44 where %i is the length of the section of
line from the transformer substation to the point of inclusion of the DPU.
Thus, the source resistance is determined only by the type of line, the
length, the wire material, and it does not depend on the magnitude of the
load.

The resistance of the load Zy for the low-frequency filter is the resistance
of the segment of the distributing line after the DPU.
Considering the segment of the lines uniformly loaded, we have

= 2z
" - th?gl, '

where Z;_}; are the equivalent parameters of the line expressed per
kilometer taking into account the load; £, is the length of the line from the
end of the line to the point of inclusion of the DPU. :

Performing the corresponding transformations comsidering the fact that
: GatiaCyg A weobtaln 3/ Tk
. Znt N

e ?
ZN )
w(V 7
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where Zp is the internal resistance of the speaker; n is the transformation
coefficient of the subscriber transformer; N is the number of subscriber
sets in the segment £).

The results of calculating Z; and Zy for the various normalized lines on
three frequencies are presented in Table 4.1, 4.2 and correspondingly for
the BM-3 and ST-3 type wires. The point of inclusion cf the DPU was
determined by the point B3. From the tables large variations of the
resistances are obvious.

Table 4.1
y hx (2) S=10 Tp/xm 3) S=20 1p/um
» K
(L 4 | 2, 9 7 ? Z, | @
01 134 | 6 | 218] 6 | 28] 6 | 206] 27
1 20 4 298 15 40 44 270.1 20
10 139 83 920 11 278 83 865 | 31
Key: -
1. f, kilohertz
2. S=10 tr/km
3. S=20 tr/km
Table 4.2
'{“m- (2) s=t0 1plxu. (3)  s=20 Tp/KM
(o)) %4, I e z, | o Z 4 7, | o
0,1 40 12 510 31 64 12 520 30
1 92 | 4 672 | " 15°) 147 | 44 | e30| 16
10 390 62 1770 39 624 62 | 2570 | 26
N Key: --

1. £, kilohertz
2. $=10 tr/km
3. 8=20 tr/km

For this reason with invariant remaining part of the circuit two types of
low-frequency filters are selected.

The rated output voltage of each channel is 20 volts on a load of 400 ohms.

The basic quality characteristics of the DPU are selected so as not to
have a negative influence on the quality indexes of the TPB system.

171

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

FOR OFFICIAL USE ONLY

With an amplified frequency band of 12 kilohertz, nonuniformity of the
frequency characteristic is no more than 2 decibels.

The coefficients of the nonlinear distortions in the modulated frequency band

- of 100-6000 hertz is no more than 1.5%. The crosstalk interference from the
low-frequency channel to the high-frequency channel and also the background
level on frequencies of 50 and 100 hertz are no more than -60 decibels. The
frequency distortions of the low-frequency channel are no more than 4.5
decibels. The gain of the DPU is 10. The input impedance is 600 ohms+20%
and essentially does not interfere with the matched operating conditions of
the lines when installing the DPU.

The quality indexes are not negatively affected during fluctuations of the
electrical network within the limits of -20% to +10% of the rated value,

on variation of the ambient temperature from 0 to +45°C and with an increase
in the signal level by 3 decibels.

The schematic diagram of the DPU is presented in Fig 4.11. The device is made
up of two autonomous repeaters, the circuits of which are identical with
respect to structure, and they are distinguished only by the elements of the
filters tuned to the corresponding frequency bands, depending on the carrier
frequencies of 78 and 120 kilohertz,

It is sufficient to investigate the schematic for one channel repeater. At
the input of the channel repeater an input band filter is installed made up
of a T element of the type K band filter used to obtain the given low-
frequency attenuation and the five—element semielement of the type M filter
giving the required attenuation with respect to the adjacent high-frequency
channel. The filter load is the input impedance of the channel repeater.

In view of the fact that the signal levels of programs II and III can be
distinguished along the line, provision is made for an input level attenuator
to equalize the output levels of the DPU.

The attenuators are assembled in accordance with the T-circuitry and they are
included in the gap of the input filter as shown in the schematic diagram.
They change the level of stepwise and have five positions (1, 2, 6, 9 and
12 decibels). V

The channel repeater is a two-stage repeater assembled in accordance with
the two-cycle schematic from like P605 transistors (Tj-Tg) installed on the
radiators.

The repeater is assembled in accordance with the circuitry with common base

and has high stability of the power gain and less dependence on the incoming
lot of tranmsistors.
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The powerful output stage operates in the class B mode, and the preamplifier,
in order to decrease the nonlinear distortions, in the class A mode. In
order to stabilize the operating additions the thermoresistors R4¢ are
installed in the bias circuits in the first stage and the R54 in the second
stage. Simultaneously, in order to improve the linearity of the input
characteristics of the stages and in order to decrease the influence of the
variation of the circuit parameters when replacing the transistors, the
auxiliary resistors R45, R4g, R49, Rs1, Rsg, and Rgy are included in series
in the emitter circuits.

Additional low-frequency attenuation is created by the high-frequency output
filter in which the high-frequency programs signals amplified by the channel
repeaters are added.

The low-frequency filter is included in parallel to the channel repeater
and is a complex filter made up of two T-elements of the type M low-frequency
filter and executed by the symmetric layout. The plug filters of the low-
frequency filter make it possible to obtain high-attenuation on the amplified
frequencies and attenuate the feedback. The parameters of the filter are
selected so that the distortions of the frequency characteristics of the

- channel repeaters do not exceed 0.1 to 0.2 decibels.

In order to feed each channel repeater, a separate rectifier is used with
vnltage stabilizer, which decreases the probability of simultaneous dis-
appearance of two high-frequency programs.

The voltage stabilizer is a two-stage emitter repeater built from the
transistors T13 and Tj5. The DC voltage is picked up from the two
stabilizers D5 and Dg. The rectifier is executed from the silicon diodes

Dy and Dp. The L-type filter made up of the choke Dp and the capacitors

C40 and C41, is installed at the output of the rectifier to smooth the
pulsations. A common power transformer is used to feed the two rectifiers.
The fuses Iip5, llpg, and llpy protect the rectifiers and the channel repeaters
from possible overloads.

In the DPU, the simplest' lightning protection circuit is used -- the
lightning arrestors Pj-P, and the spark arrestors UP;- MP, are installed
at the input and the output.

When installing the DPU, the level diagram at the distributing feeder line
has the form depicted in Fig 4.12 and permits estimation of the effect of
the DPU and determination of the possible lenmgth of the line insured
sufficient voltage over the high-frequency channels.

Using the graphs depicted in Fig 4.9, it is also possible to determine the
maximum line length, the point of connection and the level reserve for lines
encountered in practice, reducing them to one of the hypothetical versions.

In the presence of a level reserve, the point of connection of the DPU is
found from the arguments of convenience of maintenance in the presence of
an appropriate facility.
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Figure 4.11. Schematic diagram of a two-channel .
Key:
1. network
2. transformer
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Key:
1. Ug auxiliary
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4.7. Prospects for Improving Transmitters and Repeaters

_ The prospects for improving the transmitters and repeaters of the high-
frequency channels of the TPB [triple-program wire broadcast] system
consist in improving the quality and the operating indexes of these devices.

The quality indexes of the transmitters and the repeaters can be improved to
the norms required to insure quality class I of All-Union State Standard
- 11515-65 of the entire through high-frequency channel.

For this purpose at the present time a transistor-tube transmitter has been
- developed with an output power of 400 watts. In order to decrease the
noticeability of the nonlinear crosstalk from the low-frequency program in
the new transmitters it is proposed that the static and time characteristics
. of the carrier frequency level control be varied with respect to the existing
- control and that additional suppression of the carrier frequency in the
_ -broadcast transmission interval be used.

The improvement of the quality and operating indexes of the tranmsmitters and
the repeaters is connected with rebuilding the station part of the high-
frequency channels. When !nstalling the low-power AM signal shapers at the
reference repeater stations and the madulator oscillation repeaters at the
transformer substations (Fig 2.13), the problem of complete transistorization
of the given dzvices is solved. Here the reliability of the head unit for
shaping the AM signal at the reference repeater stations is improved signifi-
cantly (the gutput power is decreased frcn 200 and 400 watts to l-2 watts),
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the problems of satisfying the safety engineering requirements for the
transmitters remain only for the electrical network voltages, for all of the
anode voltages of +2600 volts, +550 volts and +260 volts are excluded, and

the feed voltages do not exceed 70 volts. This improvement of the quality

and operating indexes pertains to constructing the station part of the channel
with the installation of the transmitters at the central station and the
repeaters of the transformer substations (Fig 2.14).
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CHAPTER 5. RECEIVERS
5.1. General Information

Inasmuch as the transmission of additional programs is realized on high-
frequency and low level, a device must be installed at the end of the line
(at the subscriber) which converts and amplifies the signal. In the triple-
program wire broadcast system two versions of the receivers are used:
individual, three-program loudspeakers (GT), and group, GPTV. In the first

- version the high-frequency signals are fed to the subscriber rosette. In the
second version, over the feeder line to the group device which realizes
separation, detection and amplification of them; from the output of the GPTV,
the signals of each of the three programs are fed to the subscriber speakers
over independent pairs with a level of 30 volts. The receivers are the ele-
ment which determines successful introduction of system and must find demand
among the population, that is, they must be cheap, they must have high
reliability and good, varied external appearance. The application of the
transistors insures increased reliability and simplicity of structural design
with low electric power intake.

The technical specifications for the receivers are selected beginning with

the given parameters of the TPB [three-program wire broadcast] system. The
sensitivity of the GT is selected equal to 250 millivolts. It is obtained

as a result of a compromise between the requirements of maximum simplification
of the GT and also exclusion of the effect of industrial interference and
interference from radio stations, on the one hand, and an effort to increase
the range of the system and absence of interference with wireless reception,
on the other hand.

An important index of the receivers is the input impedance (Rinp); inasmuch
as the $T [triple-program speakers] can be connected to the circuit in large
numbers, they constitute a significant load for the network RT [distribution
points], and therefore their Rj,, must be high (on the order of seweral
kilohms). The power on a sound coil of the GT is selected equal to 150
milliwatts, which corresponds approximately to the power with respect to the
high-frequency channel.
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The first version of the GPTV-1 group receiver had a sensitivity of

300 millivolts. When putting it into operation at the end of the long

feeder line the sensitivity did not insure stable reception of the high-
frequency programs. Therefore it is necessary to connect the GPTV to the
subscriber transformer through a bypass. In the GPTV-3 the sensitivity is
increased to 100 millivolts. The output power of each high-frequency channel
of the GPTV is selected equal to 25 watts by analogy with the power of the
GT so as to retain the developed configuration of the distribution network.
The excess power obtained as a result of low probability of connection of

all subscribers for one auxiliary program or all speakers at full volume is
useful as the reserve for the case of use of 2 to 3 points operating in the
apartment by the subscribers. The GPTV input is conmected in parallel to the
subscriber network, the resistance of which at high frequency can vary from
50 to 200 ohms. In order that this not influence the characteristics of the
GPTV filters and, consequency, the frequency characteristic, Rinp is selected
equal to 400 ohms. The technical specifications of the receivers are presented
in Table 5.1.

As is obvious from Table 5.1, the GPTV type receivers have higher quality
indexes (the problem of maximum reduction of cost was not stated during their
development). The subscriber network of the three-pair wire of the GPTV is
more reliable than the single-pair wire network with high-frequency signals
where poor contacts at the branch points and connections are sources of cross—
talk. The number of transistors and radio parts used to build one GPTV is

15 to 20 times less than required to build the equivalent number of GT.

During the first years of development of the system there was orientation
toward the development of attachments for the single-program speakers (Gr).
This solution arose from an effort to use the large number of Gr [single-
program speakers] available to the subscribers. This RT-61 type attachment
was produced at the Riga VEF plant. Since the subscribers basically had
quality class III Gr, it turned out to be impossible to realize the class II
quality built into the attachment. The necessity arose for combining the
receiving-repeating part with class II Gr and making them in a single case.
Thus the Venta GT appeared with higher sound quality which has found high
demand among the buyers. Later the improved GT were developed: "Riga,"
"Avrora," and "Mayak." In connection with the jmprovement of the processing
of the networks for receiving TPB programs in recent years, in many cities
of the country it has become necessary to provide a large assortment of
receivers. The problem has again come up of developing attachment for the
Gr. The circuitry for such an adapter has been developed and is in the
experimental operational stage. The "Avrora" GT with somewhat simplified
high and low-frequency amplifiers was taken as the basis for the system.
Passive attachments are in the developmental stage which will permit the
owners of the receivers, tape recorders and television sets to receive three
programs without interference. They do not consume power and are simple to
service.
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The development of the receiving network will proceed in the direction
of creating new types of individual devices for various quality classes, at
different prices and with different external appearances.

Table 5.1
Standardized values
Name of parameter GT GPTV
Sensitivity, millivolts 250 100
Output power, watts 0.15 25
Frequency band, hertz 100-6300 100-6300
Harmonic coefficient, T:
from 100 to 200 hertz 7 6
above 200 hertz 4 3.6
Modulus of input impedance over the high-
frequency channels, ohms 2500 400 -
Background and noise level, decibels -40 =55
Crosstalk attenuation between the high-frequency
channels, decibels -53 -60
Average sound pressure, newtons/m2 0.25 -

Noise protection of the high-frequency chanmels: -
from the low-frequency program, decibels

at a frequency of 1000 hertz =53 -60 -
at a frequency of 6000 hertz ~40 -
at a frequency of 10000 hertz - -50
Admissible overload of high-fraquency channels
with respect to input level, decibels 10 10
Automatic gain control range with respect to
input, decibels - 14
Response time of the automatic gain control,
= milliseconds 20
Increase in output level on disconnecting the load,
- decibels - 2.5
Limits of variation of the feed network voltage,
volts - 176-242

The group devices were developed in three versions: GPTIV-1 [19] developed

in 1962 had an output power of 25 watts; structurally it was made up of six

modules: a replaceable filter module (or the filters and the automatic gain

control system), the low-frequency amplifier module and feed module for one

channel and the same three modules for the other chanmel. This structural

design is complex and expensive. The GPTV-1 was produced in two versions:

with automatic gain control and without it. Practice has shown that it is

necessary to build the receiver only with automatic gairn control inasmuch as _
its cost increases significantly, and the operating reliability and range of

the TPB system are increased. The GPTV-2 had an output power of 7 watts,

but simplification of the circuitry and the reduction in its cost turned out

to be very small by comparison with the decrease in power; therefore the -
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decision was made not to build it. The GPTV-3 which is built at the present
time is made with a modified circuit and structural design. The AGS circuitry,
filters and low-frequency amplifier have been simplified, the operating reliabil-
ity has been improved as a result of using transistors with long service

life (P214 instead of P210 in the GPIV-1) and as a result of a reduction in

the number of parts; the structural decign has been simplifiea:. instead of

£ix modules there are three. The operating characteristics have been improved:

1. The sensitivity has been increased by four times, and the operation of
the automatic gain control, improved (it operates in practice without non-
linear distortions while insuring low voltage on the regulating diodes).

2. The input impedance has been doubled. This makes it possible to install
the receiver on longer lines, and in combinaticn with increased sensitivity,
it can be installed where the GT camnot operate.

3. The increase in gain of the receiver in an interval of 2 minutes increased
from 1.5 to 2 decibels. The high discharge time constant leads to a reduction
in the average transmission level with respect to the rated level. In the
given case the average level is closer to rated level. The range of the
automatic gain control has been increased, which is more important for opera-
tion of the receiver. At the same time the dynamic range is not distorted,

for the distortions come only during a .otal gain recovery time of the receiver
of less than 1 minute.

4. The rectifier with stabilizer has been made common to both high- frequency
channels. One stabilizer is cheaper and more economical. It has a higher
stabilization coefficient. The reliability increases, for the thermal condi-
tions of the transistors are equalized as a result of more uniform loading.
The total number of subscriber points serviced by one receiver is
25 watts
H= —————-— =
0.25 watts 0.7 140,
where 0.7 is the coefficient of simultaneous inclusion of all points of the
given subscriber network. When using headsets (for example, in the hospital)
the number of subscribers connected to the GPTV can be increased to 400-500.

5.2. Riga Type GT

The Riga GT (Fig 5.1) has two band filters tuned to channels II and III
respectively, a detector, low-frequency amplifier with speaker at the output,
a three-position program switch and power pack.

In position 1 of the switch M; the low-frequency program coming to the input
terminals of the GT is connected through the loudspeaker regulator Rys

to the transformer Tpj, the secondary winding of which has a loudspeaker
connected ‘to it. In this case the AC network is disconnected. In position 2
of the switch Il; of the RT, the network is connected to theinput of the

band filter tuned to a frequency of 78 kilohertz; simultaneously the filter
output is connected to the input of the detector; the output of the low-
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frequency amplifier is connected to the primary winding of the transformer
Tpi, and the power pack, to the AC network. In position 3 of the RT, the
network is connected to the input of the band filter tuned to a frequency
of 120 kilohertz, and its output is connected to a detector, the output of
the low-frequency amplifier is connected to the winding 1-4 of the Tpj
transformer, and the power pack 1s connected to the AC network.
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Figure 5.1. Electric circuit diagram of the Riga type GT
Key:
1. Tape recorder

2. Electric network
3. Radio

The capacitor Cj blocks the path of the low-frequency program currents to
the preset regulators Rl, Ry, which served to equalize the initial levels of
the high-frequency programs and prevent overloading of the detector. Their
shafts run to the face panel. Each band filter is made up of three loops;
for example, the filter of channel II is made up of the series L1Cy circuit
inductively connected to the parallel LyC4 circuit, and a third L3Cg circuit
connected by the capacitor Ce to the second circuit. The capacitor Cg is
common to both channels. The shunting resistor R5 does not permit disconnec-
tion of the base circuit of the transistor T; at the switching time and pre-

- vents it from breakdown. From the filter output the modulated signal goes
to the input of the emitter triode detector — the base-emitter junction of

~ the transistor Tj. The detector has the least linear distortions when
installing a transistor with a value of B320. This stage has high thermal
stability, for the resistance to the direct current in the emitter circuit is
high. The resistors Rjs, Rg feed the initial bias to the base of T;. The
voltage on its collector is reduced using the RgRg divider. The low-frequency
signal detected and amplified by the same transistor from the load divided
into two parts (R7, RS) goes through the separating capacitor C1o to the input -
of the three-stage low-frequency amplifier operating in the class A mode.
The resi:ior Rg is simultaneously the volume control, which is wmechanically
connected to the volume control Rys5 for the first channel. This coupling
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eliminates the danger of short-circuiting of the output, which can occur on
movement of the regulator to its extreme position. In order to simplify
the commutation Ry5 is not disconnected from the primary winding T; on
reception of the high-frequency channels. 1In this case it uses about 7% of
the total output power in the maximum volume position.

The capacitor Cq filters the remains of the carrier frequency and also
increases the depth of the negative feedback for the higher sound frequency
harmonics. The feedback depth depends on the position of the regulator Rg,
which also increases the regulation limits. The first two stages of the
low-frequency amplifier are the emitter repeater based on the transistors T2,

- T3. When using the transistor with 8>100 it is sufficient to have one stage.
The second stage of the low-frequency amplifier is made in accordance with
the transformer circuit with common emitter based on the transistor T4. The

- low-frequency amplifier mode is provided by the resistors Rjg, Riji» Rjo and
Ri4. The stability of the load with respect to direct current is insured as
a result of connecting the resistor Rj7 to the emitter of the last stage.
The feedback with respect to AC voltage is fed to the input to the first
stage of the low-frequency amplifier. The feedback diminishes the nonlinear
distortions. The RjgC13 circuit corrects the frequency characteristic for
high frequency and prevents receiver generation.

The electric power supply for the GT comes from the AC network. The rectifier
is assembled in accordance with the double halfperiod circuit based on the
diodes Dy, Dy with a capacitive load of Cj5. The null potential point with
respect to alternating current does not coincide with the positive end of the
rectifier. This made it possible to do away with two capacitors with a
capacitance of 200 microfarads each (C14> Cq ) and to decrease the cost of

the circuit. The filtration of the rectifi voltage pulsations is accomplished
by the R37Cy4 filter. The intake power in the network is 3.6 watts. In

order to conmnect the receiver to the relay network with a voltage of 15 volts
it is necessary to resolder to Tpj (the wire running from the sliding contact
of the resistor Rjsg is unsoldered from the lead 1 and soldered to the lead 2).

The Riga GT [triple-program speaker] is made in a wooden case. On the front
there are controls for the preset regulators, the volume control and the
channel switch. On the back panel there are jacks for connecting a tape
recorder and two cords for connecting the receiver to the radio network and
the AC network.

5.3. Avrora Triple-Program Speakers [GT]

The Avrora GT [triple-program speaker] (Fig 5.2 and 5.3) is made in two
versions: for operatica on the subscriber networks with voltages of 30 volts
and for Moscow, 15 volts. The basic parameters are the same as for the

- Riga GT [triple-program speaker], but as a result of introduction of the
high-frequency amplifier stage into the circuit, its sensitivity is increased.
The preset regulators are included here after the filter, which decreases
the variation of the input impedance of the GT for various positions of the
regulators. The program switch Bj has an additional "off" position. When
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a low frequency program is received the switch must be set to position 1.

The low-frequency voltage is fed to the primary winding of the output trans-
former TP, through the fuses Illp; and Ilp, (which are included to keep the AC
network voltage out of the RT network and exclude ruining the GT if the radio
plug is erroneously plugged into the electric network) and the contracts 5,
6, 7, 10 of the switch Blb'

On reception of programs II and III the GT is connected to the radio network
by means of the switch Blb and to the feed network Bla' The band filter of

the second channel consists of the connected circuits L, C2L2C4; for the
third channel, L3C3L4C5. The high-frequency amplifier is assembled from

the transistor T.; its collector circuit includes loops with tuning to the
high~-frequency c%annels which increase the selectivity of the receiver. The
diode detector is assembled from the D9V diode. The detected high frequency
signal goes through the volume control a and the dividing capacitor C10

to the input of the low-frequency amplifier, the first stage of which is
assembled from the transistors T, and T3 included as a compositional transis-
tor. The connection to the terminal stage is direct. The low-frequency
amplifier is encompassed by negative feedback, the voltage of which is picked
up from a sep-rate winding 6-7 of the output transformer.

=

Figure 5.2. Circuit diagram of the "Avrora" type GT.

Key: (1) volume (3) Program II level
(2) tape recorder (4) radio

The depth of this coupling depends on the position of the volume control,
which also increases the limits of its adjustment. The operating conditions
of the low-frequency amplifier are stabilized by the resistors R,., R,o and
the DC feedback through the filter R14cl R 3 The power pack is made up of
a power transformer, two-halfperiod rectif}er and [-filter.

184
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

MUK UFPLULIAL UDE UNLI

[Photo not reproduced.]

Figure 5.3. External appearance of the Avrora GT [triple-program
speaker]

The Avrora receiver [35] is made in a wooden case weighing 2.9 kg. The

GT circuitry is mounted on a printed board fastened parallel to the face

plate in a case finished off with a plastic grating. This panel has the
- volume control and channel switch knobs. The knobs for the preset controls
are located on the back of the case (they are rarely used). On the back
there are also plugs for connecting the tape recorder, the network switch
for 127 or 220 volts with fuse and the leads of the cords for the radio net-
work and the AC network.

The "Mayak" GT (Fig 5.4) differs from the Avrora GT by changes in the input
circuits and the structural design.

[Photo not reproduced.]

Figure 5.4. Outside view of the Mayak GT [triple-program speaker]
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5.4. GT with Low-frequency Channel Gain (Fig 5.5)

- It is known that the crosstalk from the low frequency to the high-frequency
channels occurring in steel wire is reduced with a decrease in the low-
frequency current. The magnitude of the current depends on the load on the
line: the greater the load resistance, the less the current and the less
the crosstalk. Consequently, in order to decrease the interference it is

i A
. ) : /! sl
: A, / FR
5 ) (5 M@ () l},,/ o
of—IGve =18 : !b_ b}ggflm ” { <§im
2 niim
Nk — B
\ : Ti12)
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\ . 7.9/1.;4,7}5_(11) LT

Figure 5.5. Structural diagram of the GT with low-frequency
channel gain

Key:
1. Control 7. Detector
2. Passive 8. RT network
. 3. Active 9, Terminal low-frequency amplifier
4, Transformer 10. Rectifier
5. Low-frequency preamplifier 11. Electrical network
6. High-frequency part 12. Gr [speaker]

necessary to increase the input impedance of the GT comnected to the
subscriber points, that is, to decrease the power fed to their input. Since
the volume of the GT on the low-frequency channel must not be less than the
volume of an ordinary speaker, the decrease in power at the input must be
compensated for by amplifying the low-frequency signal, for which it is
impossible to use the amplifieér available in the GT circuit which is used
to amplify the signals of programs II and III. The receiver with amplifica-
tion with respect to the low-frequency channel has certain advantages in
addition to the decrease in crosstalk: the possibility of raising the low-
frequency characteristic appears; with simultaneous use of several plugs
installed in the apartment on the low-frequency channel, the power intake
from the PV network in practice does not increase by comparison with the
power intake by one ordinary speaker; the output power of the GT can be
increased to 0.5-1 watt without increasing the network load; in the future
it will be possible to increase the number of subscribers comnected to

the network without increasing the power of the station repeaters. The
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possibility of improving the volume of the low-frequency channel both for
higher quality cperation of the remote subscriber points and for introduction
of stereophonic broadcasting requiring equal volume of both used channels,

is important. The signals from programs II and III go through the GT

exactly as in the ordinary GT without low-frequency amplification. The

78 and 120 kilohertz filters are installed at the receiver input. From the
output of the high-frequency filters the signal goes to the detector; the
detected signal goes to the low-frequency preamplifier. The input of the
terminal low-frequency amplifier is connected to the output of the low-frequency
preamplifier through the switch By, which makes it possible to connect the
input of the terminal low-frequency amplifier to the PV*network when listening
to the first program. The terminal amplifier is loaded on the speaker which
can be connected directly to the network (without amplification) and it is
possible to hear the first program in the case of absence of voltage in the
feed electric network. As is obvious from Table 5.5, the GT with amplification
with respect to the low-frequency channel contains two additional switches
which provide for its operation with respect to the first program with or
without amplification of it. In addition, the low-frequency amplifier of this
receiver can be connected to the PV network only through the transformer.

The connection of the subscriber network to “he input of the low-frequency
amplifier cannot be made without a transformer as a result of the high back-
ground level occurring in the output of the CT.

These structural complications increase costs somewhat, and the introduction
of an additional transformer into the circuit increases the copper consumption
for the wire broadcast needs. The problem of introducing this type of GT

has still not been solved.

5.5. GPTV-3 Group Device

The GPTV is made up of two independent receivers distinguished from each other
by the filters and circuits in the high-frequency amplifier tuned to 78 and
120 kilohertz respectively and the common power pack. From the diagram of the
GPTV [18] presented in Fig 5.6 it is obvious that the receiver of one channel
is made up of the band filter, high-frequency amplifier, detector, low-
frequency amplifier and automatic gain control system. The schematic diagram
of the GPTV is presented in Fig 5.7. At the input the GPTV has a type K
filter, one element of which can provide for attenuation with respect to the
other high-frequency channel to 46 decibels. In this type of filter the
series and parallel branches are return two-terminal networks, that is,
21Zp=R,. This condition is satisfied when their resonance frequencies are
equal to w1=w2=w=78 kilohertz or L;Cj=LyCg. 1In this case the selectivity

of the filter is improved. In the GPTV the filter is made up of one element.
Resistors are connected at its input in order to decrease the effect of the
feeder line resistance on the frequency characteristic of the filter. The
transformer Ly supp resses the cophasal interference operating with respect

to the "two wires—ground" circuit. The filter has an input impedance of

*wire broadcasting
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Figure 5.6. Structural diagram of the GPTV-3 receiver
- Key:
: 1. From the RT lines 11. Power pack
2. Program I 12. Network
. 3. To the subscribers 13. Band filter 120 kilohertz
4, Channel 78 kilohertz 14, Program III
5. Band filter 78 kilohertz 15. Channel 120 kilohertz
6. High-frequency amplifier
7. Detector
8. Low-frequeacy amplifier

9. Program II
10. Automatic gain control

400 ohms (the average impedance of the subscriber transformer on high
frequency).

The high-frequency amplifier with load in the form of a single two-stage
circuit is based on the MP40 type tranmsistors. It is used to amplify low

- voltage of 5-10 millivolts on the regulating diodes of the automatic gain
control to a voltage sufficient for undistorted operation of the detector

. and also to insure additional selectivity with respect to the adjacent channel.

- The operating conditions of the high-frequency amplifier are stabilized by
including the resistor Rg in the emitter circuit of the transistor T,.

The input and output circuits are tuned to the carrier frequencies by the
_ capacitors Cs and Cy.
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The signal detector is two-cycle based on D9G type diodes. The current
running through the load has a frequency of 156 kilohertz, that is, the
current with a basic frequency of 78 kilohertz is absent in the load, which
facilitates filtration of the high-frequency component of the signal. The
condition of absence of nonlinear distortions in the detector is equality of
the load resistances of the detector for direct and alternating currents,
that is, observation of the condition RAC/RDCZO.S. For this purpose the
load resistance of the detector is split into two parts: Rjj and Rjp. Then

L hepReRe o 156
Ros)_ " ReatRa_ 1645, 10509,
Ruocr (2y Ru+Ru 1145,1

Key: 1. RAC/RDC

where Rj,, is the input impedance for the alternating current of the low-
frequency amplifier. The capacitance shunting the load of the detector is
selected equal to 620 picofarads, which cerresponds to a maximum transmission
coefficient of the detector and facilitates an increz .+ in selectivity of the
receiver with respect to the other channel as a resul:c of using the properties
of inertialessness. The suppression of the interference at the detector output
is proportional to twice the amplitude ratio of the signal and interference
carriers at the input of the detector:

1
(Ucn}u) — 2( cu?-n )’ .
Uy U 4
@
Key: 1. signal; 2. interference; 3. output; 4. input

Let us assume that signals of identical level arrive at the inputs of the
two channels. The interference of one of them, for example, II, is
measured in the interval of the useful signal when the carrier amplitude is
diminished by 20 decibels, that is, at the input of the channel the inter-
ference exceeds the signal by 20 decibels. In the filter this interference
is attenuated by 40 decibels and becomes lower than the signal level by

20 decibels; in the high-frequency amplifier the interference is attenuated
by another 15 decibels. The detector gives suppression by 35+6=41 decibels,
that is, at the output of channel II the interference from channel III will
be attenvated by 35+41=76 decibels. If the interference comes to the
channel input, for example, 3 times the signal level (by 10 decibels), then
it will be attenuated by 56 decibels in the receiver. The filter and the
circuits of the high~frequency aaplifier also provide for suppression of
the crosstalk from the low-frequency channel to the high-frequency channel
by 60 decibels.
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Figure 5.7. Circuit diagram of the GPTV-3
Key:
1. Amplification module 78 kilohertz
2. Power pack

The first stage of the low-frequency amplifier based on the MP40 type
transistor operates by the system with separated load and is used for
transition to the two—cycle stage. The load resistance is in the collector
circuit and is divided into two parts: Ri4 and Rjg. The high internal
impedance offers the possibility of encompassing subsequent stages with
feedback. Since the input impedance of the next to the last stage is low
as a result of the negative feedback, the first stage does not give voltage
amplification. The stabilization of the operating conditions of the
transistor T3 is realized by the resistors Riss R16' The coupling to the
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next to the last stage is rheostat-capacitive. This two-cycle transformer
stage executed from the MP40A transistors gives voltage amplification from
100 millivolts to 10 volts. The terminal stage is made from P214V type
transistors in accordance with the circuitry with grounded emitter. It
operates in the class B mode. In order to eliminate the nonlinear distortions
of the central cutoff type, especially noticeable in the case of low signals
and low air temperature, the initial bias is fed to the bases of the
transistors T6-T9 through the resistors Roygs R25 and the thermal resistances
which also stabilize the operaring conditions of the stage on variation of
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the ambient temperature. Each palr of parallazl-connected transistors is
located on the radiator, which insures normal operating conditions of the
receiver even under the conditions of short circuit load and high air tempera-
ture (+40°C). In addition, provision is made for two-stage protection of
the transistors from short circuiting using fuses. The output and the next
to the last stages are encompassed by parallel feedback as a result of which
the low-frequency amplifier has low internal impedance and operates well on
variable load. On disconnection of the load the output voltage increases from
30 to 32 volts, The RC circuit which eliminates possible generation when
working with the disconnected or capacitive load is connected to the secondary
winding of the output transformer. Inasmuch as the GPTV operates without

- constant servicing and operative level control at its output is impossible,

_ an automatic gain control is introduced into the circuit which is designed
for fluctuations of the high-frequency signal level within the limits to

* 14 decibels. Introduction of the automatic gain control offers the possibility
of installing the GPTV at the end of the long lines and insurance of stable
operation with a large number of subscribers. The fluctuations of the attenua-
tion in the lines occur slowly, over a period of several hours, for they are
basically determined by the meteorological conditions. The rapid jumps in
level are possible in the case of damage to the line, and fast response of
the automatic gain contrcl is required with an increase in the input level,
but slow recovery over a period of several minutes is admissible with a
decrease in it. The response time of the automatic gain control is selected
equal to 20 milliseconds (on cunnection of the broadcast programs the non-
linear distortions are undetectable to the ear), and the time for increasing
the gain by 2 decibels (after picking up the input signal) is 2 minutes.
The difficulty in building the automatic gain control consists in the fact
that the known procedure using carrier frequency fluctuations is unsuitable
in the case of 98M signals with variable carrier, for it leads to compression
of the dynamic transmizsion band and to an increase in noticeability of the

- crosstalk in the intervals. It is also impossible to use a pilot signal for
automatic gain control, for its frequency must differ from the carrier
frequency by no less than 15 kilohertz so that the beats between the carrier
and the pilot signal are not noticeable. However, in tl.is case the relative
difference between the frequencies of the carrier and the pilot signals is
found to be large, and the attenuation in the signal for these frequencies
can turn out to be different, that is, the variation in amplification as a
result of the effect of the automatic gain control can fail to coincide
quantitatively with the actual requirement of the variation. In the GPTV
the automatic gain control is used with storage of the maximum carrier level.
Since the output voltage of the low-frequency amplifijer is proportional to
the carrier level, a winding is wound on the output transformer to see to
the operation of the automatic gain control. The selection of the regulator
for the automatic gain control is conditioned by the sufficient range of
control and comparatively low nonlinear distortioms in the entire control
range with maximum admissible level of the input signal (in order to have
less amplification of the high-frequency amplifier). A regulator was
selected which operates by the potentiometric system and has low high-frequency
resistance so that shunting of it by the input impedance of the high-frequency
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amplifier will not decrease the control range. The semiconductor diodes used
in the conduction region do not introduce distortions for a high-frequency
signal level up to 5~10 millivolts. The D226V type diodes are used in the
circuit. They are connected in series with respect to direct current and
parallel with respect to low frequency. The control consists in variation
of the transmission coefficient with respect to the high-frequency divider
made up of the resistor R4 and the diodes Dj, Dy with variation of the
magnitude of the direct current flow through these diodes.

The automatic gain control operates as follows: the low-frequency voltage

is detected by the diodes Dg, Dg, and the direct current flowing through the
diodes D; and D, changes their resistance with respect to high frequency.

The resistor R4 and the controlled resistance of the diodes form a divider
with automatically variable ratio with respect to high frequency. With an
increase in voltage at the input, the direct current increases, and this
ratio decreases. The stabilizer voltage of 23 volts is used as the delay.
The detector of the autcomatic gain control has large discharge time constant
(several minutes), which keeps the amplification coefficient :in the trans-
mission intervals and the dynamic range invariant. This discharge time is
created by a capacitor Cg with a capacitance of 200 microfarads and the
resistor Ry with a resistaiice of 2.7 megohms. The sensitivity of the receiver
in which the automatic gain control begins to operate is 10 millivolts.

- With an increase in the input level by 14 decibels, the output voltage varies
from 23 to 33, that is, by 3 decibels. The automatic gain control does not
introduce noticeablc nonlinear distortions; the deficiency of it is an
increase in noise after prolonged interruptions and a decrease in volume by

2 to 3 minutes after the pulse interference.

The electric power supply of the GPTV is autonomous --from the AC network.
The feed module is common to both channels. The rectifier is double half-

- period. It is equipped with a filter which starts with the choke, which is
better for operation on a variable load (at the filter output the DC voltage
varies to a less degree than for the filter beginning with the capacitance).
Inasmuch as the GPTV is fed from the household network, the voltage of which
can vary significantly, and it operates without servicing, it is impossible
to guarantee fail-safe operation of it without stabilization of the DC

_ voltage. The AC voltage stabilizer does not fit here, for it has a large
scattering field (which leads to a high background level of 50 hertz at the
receiver output) and also in con.ection with the fact that the terminal
stage of the low-frequency amplifier operates in the class B mode and is

a variable load for the rectifier, the voltage at the output of the rectifier
does not remzin constant. The operation of the stabilizer is based on the
fact that the magnitude of the emitter current in the transistor does not
depend on the voltage variation of the collector. If we connect the load
(the receivers) to the emitter circuit of the stabilizing transistor T13~T15,
the emitter repeater circuit is obtained in which the voltage on the loa

is almost equal to the voltage on the base of the tramsistor. It is
necessary to keep the voltage on the base constant. On variation of the
load, the emitter and base currents vary; therefore in order to obtain a
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DC voltage on the bases of the T;3-T,., two stages based on the transistors
T11-12 (P214V) are included. The vo}gage on the base of Ty; is stabilized
by the "parallel stabilizer" circuit using the transistor T,.. With an
increase in voltage at the input of the stabilizer, the vol%gge increases
somewhat also at its output. Here the voltage on the base of T;j,, its
collector current and voltage drop on the resistor Rjg increase. The
voltage on the base of T;; decreases, and the voltage at the output of the
stabilizer decreases. Analogous processes take place with a decrease in
feed voltage and on variation of the load. On variation of the network
voltage from 176 to 242 volts and with simultaneous variation in the load
current from O to 4 amps the voltage at the output of the stabilizer varies

_ by no more than 4%. In order to increase the operating reliability of the
stabilizer the output stage is assembled from three parallel-connected
transistors of the P214V type with resistances in the emitters of 0.3 ohms
each which equalize their current. In addition, the transistors are located
on the radiators, which insures sufficient reserve with respect to the dissi-
pation power. The stabilizer has low internal impedance with respect to
alternating current; therefore the operation on both channels of the receiver
without an increase in the crosstalk between them is possible. The power
intake by the GPTV from the network in the rest mode is 33 watts and in the
rated power mode in both channels, 180 watts.

Structurally the GPTV is executed in the form of a small bay in which there
are three modules: the receiver module for channels II and III and the power
pack. The bay is closed by a removable door to which a lock is fastened.
The external appearance of the GPTV is presented in Fig 5.8. The GPTIV is

- mounted on the stairwell wall of the upper story of the building as close
as possible to the subscriber transformer, or it is installed on a table in
tie specially assigned facility. The receiver is connected to the TPV
[triple-program wire broadcast] network by the scheme shown in Fig 5.9
(to the secondary winding of the subscriber transformer) or Fig 5.10 (to the
distributing feeder through the bypass increasing the magnitude and the
stability of the high-frequency program level if this level is below 50 milli-
volts). The outputs of all three channels are connected to the intermediate
terminal block installed on the rear wall of the bay. The three-pair, intra-
building network is made of KRVPM-3x2x0.5 or KRVPS-3x2x0.6 cable which runs
from the GPTV to the subscriber switches through the KIVO splitter blocks.

[Photo not reproduced.]

Figure 5.8. External appearance of the GPTV-3
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Figure 5.9. Connection at the GPTV through the OU sectional center
Key:
1. Distributing feeder 4, GPTV
2. Subscriber transformer 5. Speaker
3. Sectional center
N a3y o
@r 3
> | - .
Figure 5.10. Connection of the GPTV tothe subscriber transformer
Key:

1. GPTV
2. Distributing feeder
3. Subscriber transformer

The output level of 30 volts is established in each channel by the level

control on feeding the low~frequency signal to the input with modulation
. frequency of 100 hertz and depth of 70% on a load equivalent of 36 ohms.
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CHAPTER 6. MEASURING DEVICES AND INSTRUMENTS
6.1. General Information

The proper operation and maintenance of the TPV [triple-program wire broad--

- casting] system requires the application of the corresponding measurement
equipment for tuning the transmitters and receivers, amplifiers, measuring
the electrical parameters of the low and high-frequency transmission channels,

The TPV system has a number of peculiarities which complicates the application
= of the existing measuring equipment and which must be considered when develop-
ing new instruments. These peculiarities include the fcllowing:

Amplitude modulation with adjustable carrier level wichin the limits of 10 to
100%;

A broad pass band with respect to the carrier equal to +1J kilohertz;
Rigid requirements on the harmonic coefficient;
The presence of various channels (low and high frequency);

Significant voltage of the low-frequency channel subject to measurement (to
300 volts);

Great difference in magnitudes of the voltages of the low and high-~frequency
channels -- to 1000 times.

The stability of the signal level of programs II and III in the RT networks

is appreciably worse than the signal of program I; therefore the demand for
monitoring them increases. The measuring equipment for the TPV must have

small nonlinear distortions, a wide modulating frequency band, small cross-

talk between channels, adjustment of the output voltage within broad limits,
symmetric input and output, relatively large input and small output resistances..

With respect to purpose the instruments can be divided into stationary and
portable,
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The stationary instruments make it possible to centralize the measurements
at the TsUS, OUS and TP. Frequently they are built into the station
equipment, for example, into the SVK and STP bays. Portable instruments
have been designed for monitoring the networks and lines. They are produced
in large quantities, because the line service personnel need them.

The modulation attachment and the test signal pickup with high indexes of
standardized electrical parameters have been developed for the TPV.

The simplest measuring instruments are the lineman's display and the RTPV-2
pulse meter, by means of which it is possible to measure the voltage in
each of three channels.

A complex resistance meter has been designed for introduction at the line
development system -— measuring the resistances of the lines and sections

of them. A high quality monitoring receiver (KPU) is also used to check the
high-frequency network of development units.

It is possible to measure the level diagram of the high-frequency programs
on the distributing feeders by using the high-frequency VRG-3 measuring
oscillator [31]. A damage finder has been developed to find damage in the
radio relay lines. All these instruments are transistorized. They are
small in size and lightweight.

6.2. Modulation Attachment

The modulation attachment (MP) (Fig 6.1 and 6.2) is a source of AM signals
of the carrier frequencies of 78 and 120 kilohertz, and it is needed to
check out the receivers, amplifiers and line devices. In addition, in
combination with the KPU the attachment can be used to check out the dis-
tortions of the shape of the AM signal envelope introduced by the passive
network development units. In practice the attachment makes it possible to
make an entire set of measurements of the quality indexes and electrical
characteristics (with the exception of the time parameters) of all active
and passive devices in the system.

The MP circuit contains the low-frequency filter FNCh;, the phase shifters
FV78 and FV120, modulator, the low-frequency filters FNCh, and FNChj, the
modulated oscillation amplifier UMK, the circuits K78 and K120, the
symmetrizing transformer (ST), the monitoring detector, the channel switch,
the output voltage switch and regulator, and rectifier.

The attachment operates jointly with the oscillators: G3-33 is the source
of carrier frequencies and G3-35 is the modulating frequency source. In
the first case the voltage from the oscillator is fed to the high-frequency
input, and in the latter case, to the low-frequency input. The resistance
of the high-frequency input is nonlinear and small in magnitude. In order
to decrease the voltage of the carrier frequency harmonics, the FNCh-1 low-
frequency filter is included at the modulator input. Although the circuit
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Figure 6.1. Modulation attachment

Low frequency

High frequency

Frequency

FNChy low-frequency filter
FNChj low-frequency filter
Modulator

Regulator

[Photo not reproduced.]

8.

9.
10.
11.
12.
13.
14.
15.

Decibels

UMK modulated oscillation amplifier
Voltage

Monitoring detector

High frequency

Low frequency

FNCh; low-frequency filter
Rectifier

Figure 6.2. Outside view of the modulation attachment
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diagram of the modulator is more complicated than usual, it provides small
nonlinear distortions with great depth of modulation. From the modulator
output the AM signal goes to the input of the UMK, where the signal is
power—-amplified. Since carrier frequency harmonics occur in the modulator,
the FNChy and FNChjy low-frequency filters are included in the circuit to
eliminate them.

In order to decrease the cross modulation in the UMK during testing of the
various TPV devices for noiseproofness, the K78 and K120 circuits are
- connected to the output of the UMK. The symmetry of the output of the MP is
insured by the transformer ST. 1In order to check out the operating quality
of the attachment, that is, to measure the nonlinear and frequency distortions
introduced by the modulator and the UMK, the circuits include the monitoring
detector. Connecting a meter to measure the nonlinear distortion coefficient
and a voltmeter to its output, it is possible to measure the frequency
characteristic of the MP and the harmonic coefficient with respect to the
envelope.

In order not to equip the portable device with a special power supply, the
UMK is powered by rectifying the high-frequency voltage from the G3-33
generator output. At the output of the attachment, a modulated voltage is
obtained with carrier frequencies of 78 and 120 kilohertz and a modulation
depth of m=70%. It is possible to regulate the magnitude of this voltage

- from 15 mv to 6 volts. The rated voltages are switched from 0.3 to 6 volts
with an output power of 40 milliwatts.

The MP is a high—frequency device. The range of modulating frequencies

is from 50 hertz to 10 kilohertz with nonuniformity of 0.2 decibels. The
harmonic coefficient in the frequency band of 50 to 5000 hertz is no more
than 0.2% (at the monitoring detector output). The rated input voltage of
78 and 120 kilohertz is 12 volts; the modulating frequency voltage is

11 volts.

The rated voltage at the output of the monitoring detector on an active

- 1oad of 100 kilohms with parallel capacitance of no more than 300 pico-
farads is 0.775 volts. The input impedance for frequencies of 78 and 120
kilohertz is 30 ohms; for the modulating frequencies it is 600 ohms. The
crosstalk between the channels is 70 decibels.

6.3. Lineman's Indicator

The indicator is designed to measure alternating and direct voltages of
three channels and resistances of two direct currents. Its circuit diagram
is presented in Fig 6.3.

The indicator is made up of two switches, two voltage dividers, filters,

- a rectifier and microammeter. There are five jacks at the indicator imput.
One of them is common, and one of the wires of the line is connected to it.
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Depending on the measured parameter it is necessary to connect the second
wire to the jack: V: for measuring AC voltages; V. for measuring DC voltages;
Rxl and Rx100 for measuring resistances.

- The limit switch II; of the scales for measuring the voltages has five
positions: from 0.5 to 1.5; 6, 30; 150 and 300 volts. The switch for the
type of operation 9 also has five positions:

nch -- measurement of AC voltages;

78 -- measurement of the 78 kilohertz carrier voltage;
120 -- measurement of the 120 kilohertz carrier voltage;
V- ~-- measurement of the DC voltage;

Q -~ measurement of the resistances to direct current.

The first voltage divider -- I DH -- is comnected to the AC circuit. It
switches from the 1.5 scale to the 6 volt scale. On switching to the 30 and
150 volt scales it remains in the 6 volt position, and the variation of the
scale limits is realized by the second divider -- II DH -- included in the

DC circuit. On making the transition to the 300 volt scale the second divider
remains in the 150 volt position and again enters into the operation of the

I DH. This complication of the scale switches is intended to decrease the
error in reading the instrument as a result of the effect of spurious
capacitances and the possible asymmetry of the measured low-frequency voltage.
The II DH decreases the power of the rectified current to the magnitude
required for complete deflection of the instrument indicator, and it reduces
the effect of the spurious cuvrrent to a minimum. In order that during
switching the filters not change the frequency characteristic, the resistance
of the I DH must be constant. This is insured by inclusion of resistors Rj-Rg
and Rj3. The second divider is made up of the resistors R22-Rg;; it insures
constancy of the load resistance of the rectifier which is assembled on the
basis of the diode D. The capacitor Cjs filters out the variable components
of the currents after detection.

The filter of the low-frequency channel is a Ii-type Llclcz element with
cutoff frequency of 15 kilohertz. The 78 kilohertz filter is made up of the

" three-element band filter LjL3L4C4-C8, and the 120 kilohertz filter, from
one element LsLgC12-C14-

The AC voltages are measured by the circuit in Fig 6.4. The scales of the
indicator are calibrated in the effective values of the AC voltage. The
instrument error does not exceed 7%. When measuring the voltage of the
high-frequency channels as a result of the crosstalk between them the
additional error does not exceed 3%. When measuring the low-frequency
voltages the error as a result of the crosstalk from high-frequency channels
is absent. When measuring the DC voltages the measurement limits are
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determined by the resistors Rg-R;,. In this case the meter has a high
input impedance caused by high sensitivity of the microammeter.

In order to measure the resistance to the direct current the indicator has
a two-limlt ohmmeter made in accordance with the series circuit with balance
null control. The power supp)y of the indicator is the KBS-D-0.5 type dry

cell.
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Figure 6.4. Circuit for measuring AC voltages MI
Key:

1. IP indicator
- 6.4. Complex Resistance Meter (IKS)

When introducing the TPV [triple-program wire broadcasting] it is necessary
to carry out tedious high-frequency development of the RT networks in order
to create conditions close to the traveling wave conditions and insure an
input impedance with low reactivity, which varies little in the frequency
bands from 72 to 84 and from 114 to 126 kilohertz.

The existing instruments do not permit measurements of the total resistances
with unknown magnitude and sign of asymmetry on the required frequencies
with given error. Thus, for example, when making the measurement by the
MPP-300 bridge it is necessary to know in advance whether the resistance
subject to measurement is symmetric, and if it is asymmetric it is necessary
to know the sign of the asymmetry.

The IKS instrument can be used to measure the input impedances of lines and
sections of lines, TP [transformer substations] and high-frequency devices
having any asymmetry with respect to ground. Its operating principle is
based on measuring AC voltage fed to the input of the line with a magnitude
of current flowing through the line known in advance (Fig 6.5). Within the
limits of ome scale this current is always established at one and the same
value by regulating the measured voltage of the line input. In this case,
in order to discover the magnitude of the modulus of the input impedance of
the line it is sufficient to measure the voltage at the input of this line,
and it is possible to calibrate the voltmeter scale directly in ohms.
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In accordance with this operating principle, the structural diagram of the
IKS depicted in Fig 6.6 has been developed. It includes the following:
the oscillator, the reactivity box, voltmeter and switching devices.

1
Iy .r!g
1 Z

- Figure 6.5. Operating principle of the IKS [complex resistance
meter]
Key:
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Figure 6.6, Complex resistance meter
Key:
1. Wide band amplifier 5. Reading
2. Output transformer 6. Calibration
3. Calibration 7. Reactivity box
4, Selective indicator

The generator consists of the master stage and the wide band amplifier

and is used for feeding sinusoidal signals of given frequency and power to
the measuring circuit.,

The gemerator can provide four fixed frequencies: 0.4, 3, 6 and 10 kilohertz;

it covers two bands: from 68 to 88 kilohertz and from 110 to 130 kilohertz
with smooth tuning.
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- The wide band amplifier (ShU) has a pass band from 300 hertz to 150 kilohertz
with a nonuniformity of 4 decibels. '

At the output the amplifier provides a power of 50 milliwatts on all operating
frequencies on a load of any nature.

The gain control in the wide band amplifier (ShU) is used to calibrate the
instrument, that is, the magnitude of the current flowing through the line
of determined magnitude selected when designing the instrument is established.
From the amplifier output the voltage goes to two output transformers: one
for low frequencies and the other for high frequencies; and from their
secondary windings it goes to the line, that is, the load of the amplifier
is the measured resistance of the line, and when measuring the total
resistances the reactivity box also. The calibration resistor Rgp
is connected in series in the line circuit. The current in the line is

- established (the scale is calibrated) by measuring the voltage drop on this
resistance. In order to increase the precision, the range of measured
resistances from 20 ohms to 3 kilohms is broken down into four intervals:
20-100, 100-300, 300-1000 and 1000-3000 ohms in the frequency band of

- channels II and III. It is desirable that the power fed to the line input
during calibration would be identical on all intervals. Therefore, the
circuit includes the switch Bj_j which realizes discrete measurement of the
voltage fed to the line input: the higher the input impedance, the higher
the fed voltage. However, since at all limits the voltage corresponding to
the lower limit is measured, in order to eliminate the error in the measure-
ments the magnitude of the calibration resistance on variation of the measure-
ment limits also is varied by the switch Bj_j.

The shunt resistance is selected small in order to decrease the errors when
measuring the modulus of the reactances so that in the least favorable case
(when measuring the resistance moduli near 20-30 ohms) this error does not
exceed 10%.

The input of the ohmmeter is switched by means of By from the calibration
resistor Rgh to the output of the generator through the voltage divider Rl,
Ry. Since the scale of the voltmeter is not calibrated in volts, it is more
correctly called an indicator. The selective indicator includes the band
filters, a wide band amplifier, detector and the M265 type magnetoelectric
microammeter with a sensitivity of 200 microamps.

The filters with an average frequency of 78 and 120 kilohertz pass only the
first harmonic of the frequency on which the measurements are made, and

the harmonics of this frequency are delayed which can occur both in the
generator itself and in the real line. The elimination of these harmonics
increases the accuracy of the measurements.

The anglesbetween the active.and reactive components of the input impedanceé
are measured by the compensation method: the reactance opposite with
respect to sign to the reactance of the line input is connected parallel

to the line input, and its magnitude is established so that these reactances
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are mutually compensated for. Here the modulus of the input impedance of

the line reaches the maximum value and becomes purely active. The compensating
reactivities are included in the composition of the IKS meter and are an
inductance and capacitance box. The inductance box contains five stages:
"off," "0.75," "0.25," "0.75" and "0.025" millihenries, that is, it can

assume only discrete values. Therefore, for exact compensation of the
capacitance of the line input, a variable-capacitance capacitor is connected

in parallel to the inductance.

Thus, after obtaining the compensation for the reactivity of the input
impedance of the line with respect to the scales of the boxes it is possible
to reckon the values of the capacitances or inductances required for compensa-
tion and calculate by them the compensated magnitude of the reactance and

the phase of the input impedance of the line. The basic instrument when
measuring the angle will be more than 15%.

The instrument is fed from three of the KBS-0-0.5 type batteries during the
summer operation of the instrument and KBS-Kh-0.5 in the winter. The

rated feed voltage is 13.5 volts. In order to indicate the on condition and
to check the voltage of the battery, a M4283 type indicator is used.

In spite of some complexity of the process of measuring the complex value of
the input resistances of the line, the IKS greatly facilitates and accelerates
the processing of the lines, insuring good quality of the high frequency
channels.

6.5. High-Frequency Oscillator (VIG-3)

In order to record the level diagram on the distributing feeders and also

to measure the modulus and the angle of the input impedances of the feeders,
the VIG-3 type high-frequency measuring generator can be used. The oscillator
permits voltages of the carrier frequencies of 78 and 120 kilohertz to be fed
to the line simultaneously to pick up the level diagram of the channels or
sections of the channel. It is connected to the distributing feeder gap
instead of the feeder protectors at the transformer substations.

In contrast to the IKS, the VIG-3 feed is realized from the AC network (the
intake power is no more than 25 watts), which limits the region of its
application.

The structural diagram of the VIG-3 is depicted in Fig 6.7. The instrument
is made up of the 78 and 120 kilohertz oscillators, a transformer designed
for connection to the line and therefore called a measuring transformer,
devices which measure the high-frequency voltage at the output of the line
and the current in it and also a phasometer.

The feed unit is common to all of the modules of the circuir, and it is a

rectifier with stabilizer, at the output of which a DC voltage of 12.5 volts
is maintained.
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Figure 6.7. High-frequency VIG-3 oscillator
Key:
1. 78 kilohertz master oscillator 8. Feeder
2. Power amplifier 9. 120 kilohertz master oscillator
3. 78 kilohertz filter 10. Power amplifier

4. FNCh-4 low-frequency filter 11. 120 kilohertz filter
5. Transformer substation buses 12. ¢~meter

6. Rectified feed 13. Z-meter

7. Measuring transformer 4. Zpeas

The oscillators are identical with respect to circuitry and are distinguished
only by the magnitudes of the circuit capacitances and inductances. Each
oscillator is made up of a master oscillator, buffer stage, terminal stage

-~ power amplifier -- the output circuit of which includes a band filter for
the corresponding frequency filter. The oscillator can give a power of

1.2 watts on a resistance of 100 ohms.

Fig 6.3 shows the device by means of which the input impedance is ﬁeasured,
that is, the voltage at the input of the line, the current through it and
the phase shift angle between the current and voltage.

A simple, convenient method of measuring the phase angle of the input
impedance of the line is used in this instrument. This procedure consists
in the fact that a voltage is fed to the pointing indicator through a ring
modulator which in the given case is a controlled rectifier. It is
assembled from four diodes D1-D,, the signal voltage sources Tp1, C3-Cg,
Ry-Ry, the load resistances with the midpoint R3, R4 and the sources of

the controlling voltage Tpj, the primary winding of which is connected to
the resistors R7-Ryy. The amount of a voltage drop on them and, consequently,
on the windings of the transformer Tpy is directly proportional to the
strength of the current running through the line. The secondary winding of
this transformer is connected between th» midpoints of the load and the
oscillator, the role of which is played by the resistors R1-Ry. It is
obvious that in view of the symmetry of the circuitry this voltage will be
absent between the ends of the resistors R3 and R4. The signal voltage from
the Tp; through the capacitor C; or Cy is fed to Ry, Ry. Since the amount
of the capacitances is selected so that their resistance on frequencies of
78 (C1) and 120 kilohertz (Cj) is appreciably greater than the sum of the
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resistances Ry and Ry with parallel-included Ry, Ry» the voltages on Ry, Ry will
be shifted with respect to the voltage on the windings of the Tp; by 96°.
The phase meter operates In the following way. Let us propose that Instead
of the line the capacitor is connected, the magnitude of the impedance of
which corresponds with respect to modulus to the resistance of the real line.
Then the current through the resistors Ry-Rjy determined by the magnitude of
the capacitance of the connected capacitor will be almost purely reactive,
and the voltage on these resistors will be shifted by 90° with respect to
phase relative to the voltage on Tpj. This means that with the correctly
included windings of Tpp, there will be no phase shift between the signal
voltage on Ry, Ry and the controlling voltage on Tpy. Then the signs of
the voltage (+ or -) on the upper end of R and the left end of the secondary
winding of Tpy will always compare. Then we assume that the current strength
through Ry and Ry from the controlling voltage is greater than from the
signal voltage. Then a DC voltage is formed on R3, R, with "plus" on the
upper end of R3. This occurs because if the voltage on the upper end of R}
has a plus sign, the controlling voltage opens the diodes Dy and D4. The
voltage from Ry, Ry is fed through the diodes to R3, Ry. If at another point
= in time the voltage on the upper end of R; has a minus sign, then on the left
- end of the secondary winding of Tp2 there will be a voltage with the same
sign, and the current from this winding will go through the diodes D3, Dj3;
opening them and closing the diodes Dy, Dy. Simce it is stipulated that this
current is greater than the signal current, the signal current passes through
the diode D3 (where these currents flow in opposite direction) without cutoff
and the voltage with the plus sign goes from the lower end of Ry to the upper
end of Ry. The indicator M, connected to R3, Ry indicates the presence of
the DC voltage. Thus, if the current through the diodes created by the
controlling voltage is sufficiently large, the ring modulator operates as a
two-phase rectifier.

It is easy to see that if an inductance is connected in place of the line
and is not a capacitor, the size of the voltages on Ry, Ry and the left end

- of the secondary winding of Tpy will not coincide, that is, they will be
180° out of phase. The plus sign will always be on the lower end of R4 in
this case, and the indicator pointer will be deflected on the opposite
direction in the same amount.

It is obvious that the input impedance of the line is purely active, the
phase shift on the ring modulator between the signal voltage and the
controlling voltage will 90° (capacitors Cj and C7 are included in the
circuit for this purpose), and the constant component of the voltage on Rj,
R4 resistances. The indicator pointer will remain at zero.

For convenience of measurement, the type of indicator K3 is selected so
that it will be in the middle of the scale. In this case the total
deflection of the indicator pointer in one direction or another will
correspond to the phase shift between the voltage and current in the line
by +90 or -90° and indicate inductive or capacitive nature of the input
impedance of the line.

207
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

FOR OFFICIAL USE ONLY

r

oouepadutr Indut ayj Surinsesm 103 9OTASQ

1037 puT
poo3,

330

*g*9 2an31g

FL4

- e e s e g e v e . — —— —

L [/] b\x vm /

N@ .&% w\% Y \b. Nxh t.ﬁ O.E h§ &y hk_.l&

. . . ;
1y

g p pa y p—

o o u oo o o o

B3
4
‘T

G

208
FOR OFFICIAL USE ONLY

o |

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

FOR OFFICIAL USE ONLY

The measurement ol the input impedance of the line is made by measuring the
current flowing through the line, with known and previously established
magnitude of the voltage at its input. Since when measuring the phase Zinp
of the input a pointing indicator is used with O in the middle of the scale,
in order to use the entire scale of the same indicator to measure Zinp,
the meter circuitry is altered somewhat by compsrison with the usual version.
The difference in DC voltage is proportional to the magritude of the current

- in the line and the voltage at its input is fed to the indicator. The voltage
on the line is constant for all values of its input impedance, and the current
decreases with an increase in Zinp. Therefore the voltage difference to -
which the indicator reacts will be equal to zero for some value of Zinp. For
smaller values of Zinp the indicator will basically be affected by the voltage
obtained from the rectifier which is connected through Tpy to the resistances
included in series in the line circuit. With an increase in Zinp the current
in the line decreases, the voltage at the output of the rectifier connected
to Tpy decreases, and then this rectifier is blocked by the voltage formed
on R5 on passage of the current from the second rectifier connected to the
output of the generator through it.

For monitoring the voltage at the output of the line a voltmeter is
connected which is made up of a microammeter i}, diode bridge and resistor Ryy,
R25.

[Photo illegible]

Figure 6.9, Outside view of the VIG-~3 oscillator

The accuracy of measuring the modulus of the resistance and phase angle is
no worse than 5%. This high accuracy required separation of the entire

measured range of resistances into two subranges: one from 20 to 100 ohms,
and another from 100 to 1000 ohms. The phase angle is measured within the
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limits from -90 to +90° in the entire range. The outside of the instrument
is shown in Fig 6.9.

6.6. Fault Detector (IPTV-1)

The detector is designed to determine the locations of short circuits in the
low and high frequency channels on the overhead and underground feeder and
subscriber lines and also on house distribution circuits for monitoring the
presence of high-frequency programs; in order to find the section of line
with damage causing an increase in the crosstalk between channels; in order to
determine the path of damaged underground lines and the location of the
hidden wire in house networks.

The instrument makes it possible to find the location of short circuits in
the low-frequency channel of overhead lines from the ground, and in the
absence of the interfering effect of the electrical network current field on
the overhead lines running above the roofs of three to seven story buildings.

A short circuit beyond the limiting net resistance with respect to any of the
three channels in the room wires using double lines, for example, TRVK, can

. be found with the search coil of the detector at a distance on the order of

- 5 to 10 cm from the wire, and up to the limiting resistance -- on the house
network stands -- at a distance of 50 cm or more.

The operating principle of the instrument is based on the fact that the
electromagnetic field of the current of the RT network is picked up by the

- search coil, it is amplified and fed to a headset. The structural diagram
of the detector is shown in Fig 6.10. The search coil has three windings:
low frequency and two high frequency made in such a way that the inductive
coupling occurs only between the high frequency windings. Depending on the
position of the channel switch either the low-frequency winding of the search
coil is connected to the amplifier input or the output of the two-circuit
concentrated selection filter tuned to 78 and 120 kilohertz is connected.
On setting the switch to the low-frequency position all of the stages of the
detector operate in the amplification mode. When receiving high-frequency
signals and setting the switch to the 78 or 120 kilohertz position the last
stage performs the functions of a detector, and all the rest, the high-

frequency amplifier.
'I R.’v - - .
L F T,
|
|
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— Br03(2)
‘(0

S

Figure 6.10. Fault detector IPTV-1
Key: 1 -- low frequency; 2 -- input
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The input jacks are used to feed the programs of the high-frequency channels
to the input of the amplifier through the coupling winding of the search
coil. The principle of determination of the short circuit location is based
on the fact that the magnitude of the carrier in the wires at this point
changes sharply. If to the left of the short circuit point the current has
significant magnitude exceeding the operating value of the current, then to
the right of this point the current in the line decreases in practice to 0.
When working with the detector this is manifested in the sharp change in
strength of the sound on advancement of the search coil along the line past
the short circuit point. The short circuit on the line causes different
consequences for the sound frequency currents and the carriers of the high-
frequency channels. On the sound frequencies the current increases by compar-
ison with the operating value over the entire section to the left of the
short circuit point. On the frequencies of the high-frequency channels in
the presence of a short circuit as a result of reflection of energy in this
segment, standing current and voltage waves occur before the short circuit
point. In some sections in the presence of a short circuit the current can
diminish by comparison with the operating value of the current at the same
time as in other sections it increases. However, on any channel there is
discontinuous variation of the current at the short circuit point, that is,
variation in volume of the sound in the detector headphone.

The detector has the following quality indexes: a sensitivity of 40 micro-
amps with inductive coupling through the search coll at rated output voltage;

An output voltage of 1 volt developed in the headphones with a resistance
- of 3000 to 4500 ohms;

. A reproducible frequency band with respect to the high-frequency channels
_ of 300-3500 hertz for nonuniformity of 15 decibels;

Coefficient of nonlinear distortions on the high-frequency channels of 7%.

The detector has two sensitivity adjustments: step by 40 decibels and
continuous by 30 decibels. The instrument feed is from 3 of the 1, 3FMTs-0.25
type elements.

When building over overhead and cable lines, house RT circuits and also
when detecting faults it is expedient to use the IPRL type detector which

- is made up of the IPRL-I fault detector itself and the oscillator G. The
location of the break or short circuit is fixed by a sharp change in volume
of the sound in the headphones of the detector beyond the location of the
break or short circuit.

The detector detects the location of the following fault:

On pole subscriber lines at 15 and 30 volts with accuracy of +10 meters
when it is at a distance of no more than 6 meters from the path of the line
and at an admissible noise level from the electric network;
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Pole and stand distributing feeders suspended at a height of up to 20 meters
with precision of +20 meters when the detector is at a distance of no more
than 10 meters from the path of the line;

House wiring laid open or hidden. The precision in this case is +8 cm when
- the detector is at a distance of no more than 1 cm from the wall;

In sections of underground feeder lines laid using cable with nonmetallic
shielding with precision to 1 meter.

The quality indexes of the detector are as follows: a voltage of 100 milli-
volts on the TON-2 headphones, frequency band of 700 to 1400 hertz with
nonuniformity of 6 decibels, coefficient of nonlinear distortions of 107%
with an output voltage of 0.5 volts; the detector has step adjustment of the
amplification 20 decibels deep and the continuous 18 decibels deep, and the
detector oscillator frequency is 1000 hertz.

6.7. 1ITPV-2 Type Triple-Program Wire Broadcast Pulse Meter

The portable ITPV-2 instrument [29] is designed to determine the quasimaximum
values of the voltages of broadcast programs on the wire broadcast networks.
The program can be heard on headphones. By using the instrument it is also
possible to measure the magnitudes of the sinusoidal voltages at frequencies
of 78 and 120 kilohertz and low frequency in the range of 50 to 10000 hertz.
The structural diagram of the instrument is presented in Fig 6.11. At the
input of the VU, two symmetrizing transformers are installed for low and
high frequencies with different transformation coefficients, which permits
the signals of the three programs to be reduced approximately to the same
level at the input of the voltage divider (DH). Band filters ¢78 and $120
are included at its output for the cc rier frequencies (the low-frequency
filters pertain to the input circuit). From the filter output, and when
measuring low-frequencies from the output of the divider the measured voltage
goes to the input of the wide band amplifier (ShU) which passes a 50-hertz
to 200 kilohertz band. The amplifier ioad is two detectors. The first is
- the pulse meter detector (DI), and the second detects the AM oscillations
of programs II and III. From the output of the second detector -- the sound
monitoring detector (DZK) -- and when listening to a low-frequency program
from the output of the wide band amplifier, the low-frequency voltage goes
to the low-frequency amplifier which insures a level sufficient for normal
operation of the headphones (I). The detector of the pulse meter 1s loaded
on the measuring bridge (IM) with a microammeter, the scale of which is
calibrated in volts. In the absence of a signal the bridge is balanced and
the pointer of the instrument is at zero. When a signal arrives, the
balance is upset and the pointer is deflected proportionally to the maximum
value of the voltage.
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Figure 6,11. ITP-2 pulse meter
Key:
1. Input 6. Shu
2. P1 7. Low-frequency amplifier
3. 1low frequency 8. DI
4. DH 9. IM
5. DZK 10. B, 9 volts

The limits of measuring the voltage of program I are as follows: 10, 30,

100 and 300 volts; the high-frequency programs: 0.5, 1.5, 5, 15 and 50 volts.
The measurement error does not exceed +5% (on the 50 volt scale the error is
+7%). The input impedance of the instrument in the frequency band of 50 to
10000 hertz is 12 kilohms; for the high-frequency channels with a pass band
of every 10 kilohertz, 3 kilohms.

The crosstalk between the high-frequency channels is -36 decibels. The noise
protection of the high-frequency channel from the low-frequency signal is

70 decibels. The integration time when feeding the low-frequency signal to
the input is 30 milliseconds with 85% fidelity, and when feeding the high-
frequency carriers modulated by a frequency of 1000 hertz to the input with
m=70% the integration time is 50 milliseconds with 80% fidelity.

The power supply for the instrument is from a 9 volt battery; the intake
current is 10 milliamps. In combination with the PZK~1 type sound monitoring
attachment which has an amplifier, speaker and battery, the ITPV-2 permits
loudspeaker sound monitoring of broadcast programs. The outside of the
instrument is shown in Fig 6.12.

6.8. Monitoring Receiver (KPU)

The KPU [monitoring receiver] is the highest quality instrument designed to
measure the qualitative and technical indexes of the low-frequency and high-
frequency channels of the system and permitting measurements of the normalized
parameters with respect to quality class I.

In order to perform all of the required measurements the instrument has two
operating modes: in one mode it performs the functions of the high-quality
monitoring receiver of AM signals, and in the other, it is a three-band,
multilimit selective millivolt meter with symmetric input.
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[Photo illegible]

Figure 6.12. Outside of the ITPV-2 pulse meter

Beginning with the problems of measuring all of the quality indexes the KPU
contains the following assemblies: the amplifying channel of the receiver,
attenuator, low-frequency and high-frequency filters for various purposes
(including filters for separate measurement of background and noise), the
symmetrizing low-frequency and high-frequency devices, the amplifying channel
of the voltmeter and the sound monitoring, the switching devices and power

supply.

In order to perform the set of measurements -- crosstalk, noise, background,
frequency characteristics with respect to the envelope in the modulating
frequency range and in the high-frequency and low-frequency channel bands --
the following instruments and devices are required: symmetrizing transformers,
lineman's indicator, the Kazakhstan receiver, the GI Avrora, the tube volt-
meter, cathode repeater and filters for separate measurement of background

and noise.

All of these devices are replaced by one KPU instrument, the structural

. diagram of which is presented in Fig 6.13. The input circuits of the KPU
are made up of the SU-VCh high frequency and SU-NCh low frequency symmetrizers,
the AT; attenuator and the PF78 and PF120 band filters.

The SU symmetrizers make it possible to obtain symmetrizing input of the
instrument and, in addition, the SU-VCh has additional selectivity with
respect to the signals of the low-frequency channel. In order to insure the
possibility of measuring voltages in a wide range from 0.25 to 300 volts,
an 8-step attenuator with attenuation in the limits from 0 to 80 decibels is
used.
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Each band filter has a noiseproofness of 60 decibels wbetween the high~
frequency channels. When measuring the low-frequency channel the required
noiseproofness (30 decibels) from the high-frequency channels is insured

by the FNCh; low-frequency filter. When measuring the background level, the
FNCh; low-frequency filter is included which cuts off the frequencies above
200 hertz and has attenuation in the 200-1000 hertz band equal to 22 decibels.

In order to measure the noise level, the high-frequency filter is included
in the circuit which cuts off frequencies below 200 hertz having attenuation
of 21 decibels in the frequency tand of 50-100 hertz.

The high-frequency amplifier is four stage. It is used to amplify the
signal to the amount sufficient for linear detection. As a result of the
application of negative feedback in the first two stages the high-frequency
amplifier has high input impedance required for normal operation of the
band filters.

The double halfperiod detector insures high linearity of loading the high-
frequency amplifier and improves the suppression of the remains of the carrier
frequencies and their harmonics.

The low-frequency amplifier is single-stage. Its load is the FNCh3 low-
frequency filter. The UNChy low-frequency amplifier is three-stage with
common amplification coefficient of about 140. It amplifies the voltage to

- the rated output value of 0.775 volts. It has low output impedance and is
loaded on the attenuator ATy of the level indicator.

The voltmeter amplifier UV is four-stage, wide-band. It has a total amplifi-
cation coefficient of about 1000. The rectification circuit is a bridge
circuit. A microammeter for 100 microamps, type M265, is connected to one

of the diagonals of the bridge. Part of the voltage of the UV voltmeter
amplifier is fed to the monitoring amplifier UNChk which is made of 5
transistors and is loaded on the 1GV-1 speaker for listening to programs and
interference.

The power supply for the KPU can either be from KVS type batteries placed in
the instrument case or from the AC network. The power pack is made up of
the step-down power transformer, filter rectifier and voltage stabilizer.

The IP indicator monitors the inclusion of the instrument and the magnitude
of the feed voltage. In order to include the instrument there is a flipflop
switch 8Bj Pitaniye [feed]; for switching power supplies there is a toggle
switch 8B Rod Pitaniya [type of feed]. The current intake by the instrument
when powered from the battery is 55 milliamps. The power intake from the

- AC network is 4 volt-amperes.
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Figure 6.13.

Input

Channel

Type of operation
Filters

Power supply

Type of feed

Power supply module
220 volts

135 volts

Measuring receiver KPU

High-frequency amplifier

Calibration
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12. Low-frequency filter
13. Low-frequency amplifier
14. Output

15. Calibration

16. Volume
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For separate :explanation of the operation of the instrument let us consider

two operating modes separately: 1 -- Vol'tmetr [voltmeter] and 2 ~- Priyemmoye
ustroystvo [receiver]. In the first operating mode the KPU makes it possible
to measure the effective values of the AC voltage of all channels from

10 millivolts to 300 volts in the frequency bands from 50 to 10000 hertz,

68-88 and 110-130 kilohertz; the effective values of the carrier voltages

of channels II and III in the presence of tone modulation or modulation by

the broadcast signal with the carrier level adjustment included on the trans-
mitters; the modulus of the input impedance for frequencies of all chanmels.

In addition, in this mode the KPU permits the performance of the following:
separate measurement of the background and noise voltages of the low-frequency
channel to 75 decibels; measurement of the frequency characteristic in the
band of each channel, listening to the broadcast program of the low-frequency
channel.

The Kanal [channel] switch is used to select one of three channels. The
instrument has the following voltage scale: 30, 100 and 300 millivolts;

1, 3, 10, 30, 100 and 300 volts. The measurement error is no more than +6%7;
the nonuniformity of the frequency characteristic is 2 decibels.

When measuring the voltages the low-frequency signal goes to the low-frequency
symmetrizers SU-NCh, from the output of which the voltage is fed through the
attenuator AT;, the groups 5-V1V of the type of operation switch, the FNCh;
low-frequenoy filter, the KK correction circuit, the 5-V1V type of operation
switch group, the 2V1V channel switch group, the 5Vla and 5-V1b groups to the
input of the UV voltmeter amplifier and then to the rectification circuit of
the IP) microammeter, type M265, calibrated in millivolts (volts).

When measuring the voltages of the high-frequency channels the signal goes

to the input of the SU-VCh device, then to the attenuator and to the cotrrespond-
ing filter which insures the required selectivity. From the output of the
filter the measured voltage goes through the 5-Vla and 5-V1b groups to the

UV and the instrument.

In the second operating mode the  instrument makes it possible to measure

the following quality indexes with respect to quality class I and II: the
frequency characteristic, interference protection of the high-frequency
channels, background and noise voltage, and by means of the nonlinear distor-
tion meter, the harmonic coefficient. In this mode with a sensitivity of
the instrument of 25 millivolts the output voltage is 0.775v. The voltmeter
has 6 scales: from 0 to 3, 10, 30, 100, 300 and 1000 millivolts. Its basic
error is +6%. The nonuniformity of the frequency characteristic of the
instrument is 2 decibels, the harmonic coefficient is 0.5%. The noiseproof-
ness between the high-frequency channels is 77 decibels, from the low-
frequency program 105 decibels, from the radio broadcast band on frequencies
above 180 kilohertz, 70 decibels.
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The signal to be measured goes by means of the 2-V1 channel switch "78"

or "120" to the input of the high-frequency symmetrizer SU-VCh and then to
the AT, attenuator and the PF 78 or PF120 band filter. Then the signal is
amplified using the UVCh high-frequency amplifier, it 1s detected and again
amplified with respect to low frequency (UNChy). The setting of the required
sensitivity (calibration) is made by adjusting ATy (rough) and variation of
the amplification coefflicient UVCh (smoothly). Here the IPj instrument is
connected by means of the switch By to the output stage of the high-frequency
amplifier.

From the output of the UNCh; low-frequency amplifier the signal goes through
the FNChj low-frequency filters, the 5-V1 switch group and the FNCh; low-
frequency filter, the KK circuit, the 5-V1 group to the UNChy low-frequency
amplifier conmected to the "output" terminals. The voltage at the output

of the KPU is measured by a built-in voltmeter which is made up of the
attenuator AT, the K-circuits (K1 and Kp), the rectifier B and the instru-
ment calibrated in decibels.

Depending on the type of measured parameter the "filters" switch is set to
the required position and the following measurements are made:

1. 1In the ShP position —- measurement of the harmonic coefficient of the
= amplitude of the modulated oscillation of the high-frequency channels and
- pickup of the frequency characteristics with respect to the envelope. In
- this case the KK is included and the pass band of the receiver is 50-10000

hertz. In order to measure the harmonic coefficient, the harmonic analyzer
or coefficient of nonlinear distortion meter is connected tc the output
terminals.

2. 1In the "background" position -- measurement of the background voltage of
the high-frequency channels. In this case the FNCh, filter is included,
and the pass band is limited to frequencies of 50-100 hertz.

3. In the "noise" position -- measurement of the high-frequency channel
noise. 1In this case the FVCh high-frequency filter is included, and the
band is 400-10000 hertz.

4, In positions 1 and 2 kilohertz —- the measurement of the crosstalk in
each high-frequency channel. In this case the narrow band filters K; and Kj
are included respectively, and only the voltages at frequencies of 1 and

2 kilohertz are measured. The presence of noise interfering with the
measurement is determined by using the acoustic monitoring channel in the
"loud" position of the volume switch. The outside of the instrument is
shown in Fig 6.14.
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[Photo illegible]

Figure 6.14. Outside of the KPU
6.9. Channel Monitoring Device (UKT)

The UKT channel monitoring device is a portable instrument which can be used
for checking and tuning the channels of the TPV network, to check the

fitness of the GT at the subscribers and the GPTV. The 1000-hertz oscillator
in the UKT can be connected to the UPTV-200 transmitter and it is possible

to check the correctness of the regulation in it of the suppression of the
carrier and depth of modulation. Rigid requirements are imposed on the
portable device with respect to weight and economy when fed from a battery.
Therefore the UKT circuit is appreciably simpler than, for example, the VIG-3
oscillator, but the simplifications are achieved at the expense of some loss
of precision and stability of the instrument.

The structural diagram of the UKT [35] is presented in Fig 6.15. The device
is made up of the master oscillator (ZG), the low-frequency 1000-hertz
oscillator (GNCh), the power amplifier (UM), multivibrator (MV), the meter
that measures the modulus of the input impedance on carrier frequencies, the
Z-meter, rectifier, and stabilizer of the DC feed voltage. The oscillation
frequency of the master oscillator ZG (&8 or 120 kilohertz) can be switched
both manually and automatically using the MV multivibrator. The multivibrator
controls the relay which, in turn, connects (or disconmects) the capacitors
to the oscillatory circuits of the ZG and UM. The frequency is switched
every 6 to 9 seconds. This time is entirely sufficient to measure the

level on the line using the lineman's indicator.

The amplitude modulation of the carrier frequencies is realized directly in
the master oscillator itself without an additional modulator by feeding a
voltage from the output of the GNCh low-frequency oscillator to the emitter
circuit of the transistor. The AM mode is used to check, without measuring
the quality indexes, fitness of the GT and GPTV. The voltage of the GNCh
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can be used also for other purposes. For example, on connecting its output
to the transmitter it is possible to check and adjust the depth of modulation,
the degree of suppression of the carrier. The modulus of the input impedance
of the feeders is measured in the usual way: a current oi defined magnitude
(calibration) is fed to the line, and then the voltage drop on the Zj,, line
is measured. The two-limit scale of the meter is calibrated directly En ohms
from 0 to 100 and from 100 to 1000 ohms. In the UKT, the M24 microammeter
for 100 microamps is used. The device is connected to the line in parallel,
but so that the band-elimination filters ZFR separate the UKT from the low-
frequency station amplifiers.

ane—] 8 || ¢ =
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Figure 6.15. Device for monitoring channels

Key:
1. Outside power supply 6. MV
2. 220 volts 7. Z-meter
3. 18 volts 8. High-frequency and AM output
4. Low-frequency output 9. UM power amplifier
5. GNCh 10. ZG master oscillator

The parameters of the device are as follows: the output power on the carrier
frequencies on a resistance of 300 ohms is 1 watt; the voltage of the GNCh

is 2 volts, the high-frequency on a load of 1500 ohms is 2 volts. The
operating frequencies are as follows: 78 and 120 kilohertz with precision

of +1.5%, 1 kilohertz +20%. The continuous adjustment of the high-frequency
signal level is no less than 20 decibels. The measurements of the modulus

of the input impedance of the RF distributing feeder on carrier frequencies
are within the limits of 10-1000 ohms+15%.

The instrument is powered from the AC, 220 volt network or 3 to 4 KBS
batteries with a voltage of no more than 18 volts.

6.10. Test Signal Pickup (G-78/120)

In order to tune the individual and group receivers and intermediate amplifiers,
a special AM oscillator is required with higher quality indexes. The
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G-78/120 pickup is a source of AM signals made up of two independent

carrier frequency oscillators identical with respect to circuitry and a
common power pack. The structural diagram of the sensor is shown in Fig 6.16.
The amplitude modulation of the carrier frequencies can be realized either

by an external low-frequency oscillator or internal with modulation fre-

_ quencies of 1000 hertz and rated modulation depth of 70%. Each oscillator

is made up of the master oscillator with quartz stabilization of the frequency
and a modulator executed by the circuitry of the two-cycle amplifying stage
with modulation in the emitter circuit. At the output the oscillator has h
a continuous amplification regulator which provides for regulation of the
output voltage within the limits of 15 decibels and a step voltage regulation
switch for 0.1, 0.3, 1.0 and 3.0 volts (for the DPU). The power supply for
the pickup is from the 220 volt AC network. This voltage is rectified and
stabilized with respect to the DC voltage by a parametric stabilizer. As the
source of the low-frequency signals it is possible to use any sound frequency
oscillator with output impedance of 600 ohms. The basic parameters of the
pickup are as follows: modulating frequency band 20 to 15000 hertz with non-
uniformity on the higher frequency of 3 decibels, harmonic coefficient of
0.5% in the 20-6000 hertz band, background level 65 decibels, signal/noise
ratio with mutual connection of the outputs of the two oscillators to the
common load of 70 decibels, power intake from the network 3.5 watts, mass

of the instrument 2.5 kg.
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Figure 6.16. Test signal pickup

Key:
1. Low-frequency oscillator 78 kilohertz 8. Low-frequency input
2. Modulator 9. Low-frequency oscillator
3. High-frequency output 120 kilohertz
4. Internal modulation 10. High-frequency output
5. Carrier 11. Power supply
6. External modulation 12. Electrical network

7. 1 kilohertz oscillator
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6.11. Measurement Panel of the Distributing Feeder Frame (PI-STR)

The measurement panel is built into the STR-5 distributing feeder frame
installed on transformer substations for remote control and monitoring of

the operatlon of the transformer substations of large cities with triple-
program wire broadcasting. The measurement panel provides for the following:
measurement of the signal level of all three programs, measurement of the
modulus of the input impedance of each feeder (to 10) on the signal frequencies
of the three programs, measurement of the quasipeak value cf the envelope

of the modulated signal of the second and third programs.

All of the measurements are performed without interrupting broadcasting over
the distributing feeders., The levels are measured simultaneously with
respect to three programs. This is achieved as a result of doing away with
- the pointing indicators and using a cathode ray tube as the indicator.
Another characteristic of the PI-STR panel is the fact that the modulus of
the input impedance of the feeder is measured not by using special oscillators,
but on the broadcast transmission currents of the low-frequency programs and
the carrier frequencies of the second and third programs. The structural
diagram of the panel when measuring the program levels is presented in Fig 6.17.
The voltage from the STR-5 buses goes to the input device which insures the
possibility of commecting three filters to the buses: low frequency trans-
mitting the signal of I and two band filters at 78 and 120 kilohertz. The
voltage from the output of the filters goes through the preset regulators to
the integrators (IU). Their purpose is to insure measurement of the level
by the procedure established by MRTU-1029-66 specifications. According to
this procedure the integration time (the minimum sigmal duration, the level
of which is reckoned with 907%+10% fidelity) is equal to 10 milliseconds,
and the capacitive discharge time is from 3 to 4 seconds. The integrator
satisfies these requirements. It includes two amplification stages (emitter
repeaters), detector and integrating circuit. All three devices are identical.
- From the output of the integrator the voltage goes through an electron switch
to the vertical deflection amplifier (UVO) but only in the case where the
switch is not closed. The switches are controlled by an electronic commutator
and pass the signal from the IU [integrator] alternately. The switching speed
is 100 times per second (twice the electrical network voltage frequency).
The UVO [vertical deflection amplifier] amplifies the signals arriving from
any IU and transmit them to the vertical deflection plates of the cathode ray
. tube beam. With respect to horizontal the beam is deflected by pulses
obtained from the same electronic commutator which controls the switches.
The deflection (scanning) is realized so that if the first program switch is
opened, the beam is not deflected, but remains on the left side of the screen.
When the second switch is opened (the first one is blocked), the beam deflects
jumpwise to the middle of the screen, and on blocking the third switch, farther
than the middle. In addition to the pulses, an AC voltage (from the network)
is fed to the horizontal deflection plates, deflecting the beam so that
instead of points from the beam on the screen dashes 5 to 10 mm long appear.
This facilitates reading and increases the service life of the cathode ray
tube. A transparent mask is fitted to the cathode ray tube screen with three
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scales plotted on it calibrated in effective volts. By these scales and

- the maximum beam deflection the program levels on the STR-5 buses are reckoned.
When the electronic switches operate the transient processes influencing the
degree of deflection of the beam occur. These spurious beam deflections can
be perceived by an observer as a variation in the signal voltage. However,
even if the observer, knowing the origin of this interference, does not
notice them, they still complicate proper reading of the level with respect
to the beam position. In order to facilitate reading, the beam is extin-
guished during the switching time of the measured channels. In order to
extinguish the beam pulses are fed to the modulator of the cathode ray tube.
These pulses are obtained in the electronic commutator. The integrators,
electronic switches and commutator are made of tramsistors, and the vertical
deflection amplifier is made from the 6N2P tube (the magnitude of the voltage
required for the beam deflection reaches 200 volts, and industry still does
not produce the corresponding transistor).

o (14)

(2) —
: RCHIPONNEIE
. R HROMMYmamop

Figure 6.17. Structural diagram when measuring program levels -

Key:
1. STR-5 buses 11. Switch 3
2. Input unit 12, Electronic commutator _
3. Low-frequency filter 13. UVO [vertical deflection amplifier]
4, Band filter 78 kilohertz 14, Cathode ray tube

5. Band filter 120 kilohertz

6. Integrator I

7. Integrator II

8. Integrator III

9. Switch 1 .

0. Switch 2 -

The structural diagram of the PI-STR when measuring the quasipeak values of
the envelope of the modulated signal is presented in Fig 6.18. In contrast

to measuring the signal levels, the measurement of the level of the

envelope is made not simultaneously with respect to two (II and III) programs,
but in turn. The program is selected manually by the switch B. The
electronic commutator does not operate in this case, and the magnitude of

the corresponding DC voltage deflecting the beam horizontally is established
by the variation in position of the switch B. The high-frequency voltage A
from the STR-5 buses goes through the input device, the 78 and 120 kilohertz

filters and the switch B to the input of the amplitude detector. At the
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output of the detector a low-frequency voltage is obtained, that is, the

same envelope, the voltage of which must be measured. Then the low-frequency
voltage Is fed to the integrator, and from its output thew pulsating

voltage is fed to the vertical deflection amplifier and then to the deflect-
ing plates.

- bh] 73
Tl
T

&

B )

Figure 6.18. Structural diagram of measuring the envelope level

Key:
1. Input device 5. Detector
2. F-78 band filter 6. Integrator
3. F-120 band filter 7. Vertical deflection amplifier
4, Switch
4
Horteoun.
(1) #22
. fe
Figure 6.19. Structural diagram of monitoring the comstancy of
the input resistance modules of the feeder lines
Key:
1. Measuring feeder 10. Integrator
2. Measuring transformer 11, Switch
3. Resistance box 12, UVO vertical deflection
4. Att ~ amplifier

5. From the shaper

6. Electronic commutator

7. PFNCh low-frequency band filter
8. 78 kilohertz band filter

9. 120 kilohertz band filer
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The modulus of the input impedance of the feeders is measured by the structural
diagram in Fig 6.19. In this case the voltage goes to the feeder from the
buses of the transformer substation through the measuring transformer and

the resistor Ry. A circuit made up of the resistor Ry and the resistance

box 1s connected in parallel to the autput of the measuring transformer.

The magnitude of the resistance Ry is 20 times that of Ry. If the resistance
is set on the resistance box so that the drops on both resistors will be
identical, this means that the resistance of the box is 20 times greater than
the input impedance of the feeder. Thus, in order to measure the modulus of
the input impedance it is necessary, switching the resistances of the box, to
equalize the voltage drops on R; and R and reckon Zinp of the feeder by the
box scales (a difference of 20 times is considered during calibrationm).

The voltages are measured on the resistors just as the program levels are
measured. The voltage is fed through the switches and the transformer to the
filters which pass the currents of the program, on the frequency of which the
measurements are made. On the programs II and III, measurement is made on
carrier frequencies, and on program I, in the frequency band of 400 to 800
hertz. Although the operating rules require performance of the measurements
of Zinp only on a frequency of 400 hertz, if the filter band of program I 1is
made very narrow, the voltage at the filter output will be small, and the
greater part of the time it will not exist at all, for the voltage components
with a frequency of 4-0 hertz in the spectrum of the broadcast program occur
rarely. Therefore in order to facilitate the measurements the filter band is
made relatively wide.

From the filter output the voltage goes to the integrator, and then through
the electronic switch and the vertical deflection amplifier, to the cathode
ray tube plates. The electronic commutator alternately includes the switches
and simultaneously shifts the beam horizontally. In this case two strips
will be obvious on the screen of the cathode ray tube which move vertically
in accordance with the broadcast transmission level. Turning the switch of
the resistance box, it is necessary to set it to the position in which both
strips will be at the same height, and then read the modulus of the input
resistance of the feeder by the box scale.

The PI-STR is a highly accurate instrument; its error in the mode of
simultaneous monitoring of the dynamic levels of all three programs does not

- exceed +10%, and the additional error as a result of the presence of the
voltage of additional programs does not exceed +4%. The values of the moduli
of the input resistances can be measured with an accuracy of +10% in the
range from 100 to 1000 ohms and with an accuracy of +10 ohms in the range
from 30 to 100 ohms.

The structural design of the PI-STR provides for the installation of the
panel on the STR-5 frame without any adjustments. If the modules for monitor-
ing the programs, measuring the input impedance and the pulse meter are
installed in advance on the frame, it is necessary to remove them and

install the PI-STR panel in their place. The panel feed is from the STR-5
feed module, but since the cathode ray tube and the transistorized stages
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require additional rated values of the stabilized voltage, an additional
feed module is installed on the PI-STR.

6.12. Problems of Introducing Meters

The above-enumerated instruments do not completely correspond at the present
time to the operating needs. One of the main peculiarities of the triple-
program wire broadcasting is the use of a variable carrier. This factor
gives rise to significant difficulties in measuring the voltage distribution
on the wire broadcast networks. The instruments used quite precisely measure
the voltage if the carrier is tone modulated, that is, when the carrier
remains constant. The tone line measurement can be made when the TPV net-
works in the given region have only just been created. However, when the
network has already begun to operate, it is inadmissible to carry out the
current tone measurements for entirely understandable causes (preventive,
operational or operative). It is possible to say the same thing about the
measurements when searching for damage and determining the degree of influence
on the voltage distribution along the feeder of the newly connected leads.
The readings of the voltmeters -- the lineman's indicator and RTPV-2 --
essentially depend on the nature of the broadcast transmission (voice, music),
and they can lead to invalid conclusions. This leads to the necessity for
making individual measurements. The creation of an instrument, the readings
of which will not depend on the level and nature of the broadcast program
appears to be difficult. Therefore it is more expedient periodically to
change the operating conditions of the transmitter: to convert it for some
time to operating conditions with nonregulatable carrier. Then during this
time the carrier will be constant, and by the readings of the instrument
reacting to the existing voltages it is possible quite precisely to determine
the transmission coefficient of the various elements and the level distribu-
tion on the network. The disconnection of the carrier regulation, however,
is connected with an increase by 20 decibels of the crosstalk interference

on the high-frequency channels from program I which can turn out to be
noticeable for the subscribers. The noticeability of the crosstalk can be
reduced to the minimum by reducing the time during which the:transmitter con-
ditions change. It is obvious that this variation must be of a periodic
(pulse) nature. The pulse duration, the buildup and decay fronts, the
repetition periodicity are to be determined by theoreticaly and experimental
work. It is also necessary to develop and install the corresponding auto-
matic devices in the transmitters that have already been produced and newly
developed.

There is a theoretical possibility of determining the transmission coefficient
of the lines and the devices by measuring not the maximum values of the
signal, but the residue of the carrier frequency voltage in the intervals

(it does not depend on the level of the broadcast programs). This measurement
procedure does not require introduction of an automatic device into the
transmitter, periodic disconnection of the regulationof the carrier, and

it does not lead to .an increase in the crosstalk interference.
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At the present time the problems connected with the development of the AM
signal generator to measure the high quality indexes of the individual
channels and the TPV devices have been basically solved. There is a necessity
for escillators of three types:

a) High quality (standard) oscillators for checking the KPU;

b) Oscillators required to organize the production of the receivers and
amplifiers;

- ¢) Oscillators designed to check out the fitness and simple repair of the
receivers and the DPU at the point of their installation. These instruments
have been developed.

The first type includes the modulated attachment, the second type includes
the generator and the test signal sensor and the third type, the device for
monitoring the UKT channels.

The KPU monitoring device which permits measurement of the quality indexes
of the transmitter and subscriber point channel will satisfy the operating
needs.

In order to measure the complex resistances of the lines and the devices,
the PI-STR, IKS, VIG-3 and UKT instruments are used. The PI-STR and the
VIG-3 instruments are stationary. A deficiency of them is the fact that
they measure the input impedances only on the carrier frequencies. There
is a necessity for developing a stationary instrument which will permit
measurement of the resistance in the entire frequency band of the high-
frequency channels, which will permit more exact and complete estimation
of the quality of processing the TPV networks. A similar goal is being
fulfilled by the IKS instrument, but the measurement of the resistances
with this help is inconvenient, and errors are possible in the recalculations.
The measurement of the resistances by the VIG-3 instrument is much more
convenient and more precise. It is expedient to develop a new instrument
in which the advantages of the both instruments will be combined. The
operative measurements that do not require high precision when processing
the lines, when searching for and eliminating failures on the networks are
realized by the portable UKT instrument.

The manufactured IPTV~1 fault finder, although basically satisfying the
operating needs, still has a deficiency: when finding short circuit points
using the search coil, the sensitivity increases with an increase in
frequency. This complicates the search for the short circuit points. It
is necessary to develop an instrument which will be free of this deficiency.
In addition, usually the lineman carries the IPTV-1 instrument and the
lineman's indicator with him when searching for the damaged points. It is
expedient to combine the functions of a detector amnd an indicator in the
new instrument.
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CHAPTER 7. HIGH-FREQUENCY PROCESSING OF THE LINE PART OF A CHANNEL
- AND HIGH-FREQUENCY LINE DEVICES

7.1. High-Frequency Processing of Lines

In order to create traveling wave conditions in the lines for high-frequency
signals and match the individual channel elements (MF [main feeder]-TP
[transformer substation], overhead wires and cable, and so on), it is
necessary to carry out high-frequency processing of the lines and channel
devices from the transmitting station to the subscriber units. It reduces

to inclusion of the devices which provide for transmission of all three
programs without nonlinear and frequency distortions and with sufficient
level at various points of the lines, and which lower the mutual effect
between the channels. The quality of processing the lines using high-frequency
devices depends on the parameters of the devices themselves and the precision
of matching the various sections of the chamnel. This quality can be
determined by measuring the distribution of the voltage levels and the
harmonic coefficient on the higher modulating frequencies along the line.
This type of operation is difficult; therefore it is possible to determine
with sufficient accuracy the degree of matching, measuring the input impedance
of the line in the frequency band of each channel, and with respect to the
input resistance, the nonlinear distortions. The theoretical calculations
and practical measurements have demonstrated that if the modulus of the input
impedance on frequencies that are +4 kilohertz away from the carrier differs
from the modulus of the input impedance on the carrier itself by no more than
1.4 times, the phase angle will not exceed 15°, then the harmonic coefficient
will be no more than 3%. When these conditions are not satisfied, the match-
ing must be carried out more exactly.

In order to process the distributing and main feeders with leads and cable
inserts, passive devices are used which are basically made up of LC-elements.
The short feeder leads 2]ead<A/127200 meters not having oscillatory processes
can be connected to the feeder line without matching. When processing the
cable inserts two forms of them are distinguished: short and long. The
length of the short insert is appreciably less than the wave length

2psA/12, The limiting lengths of the short inserts depend on the type of
cabl-. These data are presented in Table 7.1 together with the capacitance
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on the carrier frequency of 120 kilohertz. For the long cable insert
2a2A/12.
B)

Table 7.1
Type of cable ip, meters Cp, picofarads
PRVPM-1,2 79 7300
PRPPM-1,2 91 6350
MRM-1,2 139 3100

In order to process short inserts, compensation devices of the KU-1 and KU-2
type are used; for processing the longer inserts, the SU type matching

devices are used. In order to process the leads, the matching resistance

85 and the automatic transformers ATO are used; in order to process the
subscriber transformers, bypass devices of the OUA type are used; for process-
ing feeder transformers, a bypass of the OUTP type and also the band-elimina-
tion filters ZFR and ZFM; for processing the signal damping monitoring

device KRF, the band-elimination filter ZFK; for processing the transformer
substation, the UPTP and SUTP devices; in order to conmect the transmitters,
UPP devices are used. A more detailed description of each device is presented
below.

It must be noted that the AM signals, passing through tt > high-frequency
<hannels, vary both with respect to magnitude and with respect to depth of
modulation as a result of nonuniformity of the frequency characteristic of
the transmission coefficients of the various devices and sections of the
channels. The variation of the depth of modulation leads to the appearance
of frequency distortions. The measurements of the frequency distortions

on the real channels made up of the transmitter input and the subscriber
output demonstrated that they exceed the norms even for exact matching of
individual elements. These distortions basically occur in the high-frequency
devices for processing the RT network. Thus, for example, the compensation
device established for compensating the capacitance of the cable insert at
the transformer substation has the input impedance appreciably below the
wave impedance in the MF [main feeder] on the side frequencies, which leads
to mismatch on these frequencies and to worsening of the nonuniformity of
the frequency characteristic of transmission coefficient which in practice
can reach 1-2 decibels. The freq'ency distortions also increase even when
using the matching devices as a result of dependence on tiie frequency of
the input resistances of the distributing feeders.

7.2. Bypasses

The low-frequency feeder and subscriber transformers have low resistance
load for the high-frequency currents and can introduce the damping for which
the high-frequency voltage on the receivers turns out to be below rated.

In these cases the bypasses OUA for AT and the OUTP for the feeder are

230

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040065-4

FOR OFFICIAL USE ONLY

included in parallel to the transformers. The electric circuits of these
devices are identical and are distinguished only by the given elements.
The OUA circuit 1s presented in Fig 7.1. This is a step-down high-frequency
transformer which jointly with the capacitors C;-C 4 forms the high-
frequency filter with cutoff frequency of 60 kilohertz blocking the path of
the sound frequency current. The rated input impedance of the device on
frequencies of 68, 88, 110 and 130 kilohertz is no less than 2000 ohms. The

- measurements demonstrated that the input impedance for high-frequency currents
is sufficiently high for resistances of the house networks and subscriber
lines equal to 20-100 ohms. The crosstalk between the signals of the different
programs at the subscriber transformer is very small and can be neglected.
In the majority of cases the rated levels of high-frequency programs at the

- receiver inputs can be insured also without including the OU [bypass].

G by P '
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Figure 7.1 OUA bypass

Caly for very low input impedance of the house networks where the trans-
mission coefficient of the AT [subscriber transformer] for high-frequency
currents drops sharply is the OUA used. The experience in introducing the
TPV demonstrated that the number of required OUA-1 (with transformation
coefficient 10) does not exceed 20% of the total number of AT. In order to

- insure high-frequency levels on relatively long subscriber lines, the OUA-2
device with n=3 is used. With a smaller transformation coefficient the
damping introduced into the OUA-2 feeder increases and can reach 10 decibels.

The OUTP device enters into the device for connecting the transformer sub-
station and insures transmission of low-frequency current to the distributing
network.

Since the resistance of the distributing network is less than the wave
impedance of the main feeder, the OUTP must perform the role of the high-
frequency matching transformer. The load resistance for which OUTP is
calculated is equal to 60 ohms. The transformation coefficient is selected
equal to 3 from the condition that the transformer substation supplies 10
distributing feeders with input impedance of each of them equal to 600 ohms.
In practice good matching is very difficult to obtain, for the number of
feeders can differ from 10 and also as a result of the fact that parallel
to the input impedance of each feeder a capacitance of the cable input is
connected, and the input impedance of the transformer substation is not
purely active. This means that nonlinear distortions appear on the OSh.
The measurements demonstrated that on a modulation frequency of 3 kilohertz
they can in several cases reach 3%. It must be noted that having only one
type of OUTP it is theoretically impossible to obtain constancy of the
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modulus of the input impedance of the transformer substation, the phase

angle of this impedance and the transmission coefficient of the bypass with
variation of the modulus of resistance of the load and its phase angle on

the carrier frequencies. In order to keep the input impedance constant with
a load resistance more than 60 ohms it is necessary to connect the shunting
RC-circuit, the resistance of which must be determined by the load resistance.

7.3. Compensators

When crossing highways, railroad lines, electric power transmission lines

and in other cases the necessity arises for using cable inserts which create
mismatch, and therefore require special processing. A relatively short

insert can be considered as a concentrated capacitance between the wires,

and on inclusion of the line it can cause reflection of the electromagnetic
wave. In order to eliminate the influence of this capacitance, compensation
of it is carried out using special devices of the KU type. The capacitance

of the insert enters into the composition of the KU. On the carrier frequencies
in the KU there is resonance of the currents; its resistance on these fre-
quencies is high, and the effect of the capacitance is decreased significantly.
On the side frequencies the resistance of the KU decreases to a value which
depends on the value of the L and C circuits. The less the inductance, the
worse the quality of compensation in the frequency band of the channel.

The magnitudes of the capacitances of the various types of cable with a
length of the cable insert of 50 meters are indicated in Table 7.2.

Table 7.2
Type of cable MRM-2000-2x1,2 PRPPM-1,2 VTSP~1x4x1,2 PRVPM-1,2
Cy» picofarads 1130 3500 3000 4650

As follows from the table, in the overwhelming majority of cases (excluding
the application of PRVPM-1,2) the capacitance of the cable insert 50 meters

- long does not exceed 4000 picofarads; therefore the parameters of the devices
are selected so that it will be possible to compensate for this capacitance.
In practice three types of devices are used.
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Figure 7.2, KU-1 compensation circuit
Key:
1. cable insert
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The KU-1 (the inductance is included with respect to the parallel circuit)
is presented in Fig 7.2. The magnitude of the inductance L is selected so
that with a capacitance of the insert (CB) it makes up a circuit tuned to
the average lrequency of 95 kilohertz between the two carrler frequencies.
The reslstance at the point of connecting the coil increases, which s
equivalent to a decrease in the effect of the insert. The KU-1 can compensate
the capacitance to 2000 picofarads; therefore its application is limited.
The KU-2 device (inductance included by a series circuit) is presented in
Fig 7.3. It is used to compensate the capacitance of the cable input by a
value to 3000 picofarads at the transformer substation. In this case the
inductance together with the capacitance of the insert and the same value
of the additional capacitance form a low-frequency filter with a cutoff
frequency of no less than 130 kilohertz. The capacitance of the insert
becomes an element of the filter decreasing the effect of the insert. The
KU-3 device is presented in Fig 7.3. The KU-3 for the main feeder and the
distributing feeder are identical with respect to circuitry and they are
distinguished by the operating voltage of the capacitors: in the KUu-3M it
is 2500 volts, in the KU-3R, 500 volts. The KU-3 together with the compensating
capacitance forms a 5-element reactive two-terminal network. The elements

- of its circuit are calculated so that they can compensate for 78 and 120
kilohertz capacitance of the cable if it is 4000 picofarads. If the capaci-
tance is less, in order to avoid tuning the circuit, an additional capaci-
tance is connected parallel to the insert which together with the capacitance
of the cable gives a total of 4000 picofarads. This capacitance is selected
on location when processing the cable insert. For compensation of a capac-
itance of greater magnitude, for example, to 8000 picofarads, the resistance
of KU-3 on the side frequencies will become commensurate with the wave
impedance of the overhead line, that is, on side frequencies there will be
no traveling wave mode. This leads to nonlinear distortions of the envelope
of the AM signal. It is impossible to compensate for greater capacitance
by using a device of this type.
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Figure 7.3. KU-2 compensator
Key:
1. cable insert

Figure 7.4. KU-3 compensator
Key:
1. cable insert
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Inasmuch as according to the norms the harmonic coefficient of the envelope
of the AM signal caused by the frequency distortions in the line must not
exceed 3% in the distributing feeder and 1%Z in the main feeder, the device
itself must not introduce distortions of more than 1X. The current
resonances in the KU coincide with the value of the carrier frequencies.

The resistances on the side frequencies must be no less than the value for
which the distortions will be within the limits of the given norms. Practice
has demonstrated that they do not exceed the admissible values for the
following normalized resistances: on the carrier frequency the input
impedance of the KU must be no less than 5000 ohms; on frequencies of 83

and 115 kilohertz, 1100 ohms; on a frequency of 12% kilohertz, mno less than
1600 ohms.

The crosstalk from the low-frequency program on the low-frequency channel
created by the device must be no more than -70 decibels.

7.4, Matching Devices

The cable inserts more than 50 meters long cannot be considered as concen-
trated capacitances: they are segments of a long line with distributed
parameters. In order to eliminate the reflection of the electromagnetic
wave at the joints of the overhead and cable sections of the line matching
devices are installed SU.

The matching of the cable insert to the overhead line in the broad frequency
spectrum causes difficulties inasmuch as the wave impedance of the cable in
the sound frequency spectrum is appreciably higher than on high frequency;
the matching transformer must be designed for a low-frequency signal power
and to transmit frequencies from 50 hertz to 13 kilohertz, and no spurious
modulation of the current frequencies by the low-frequency program currents
must occur in it. It is in practice inexpedient to manufacture such a
transformer, and the matching must be done using matching devices. The
cable inserts of greater extent are processed by including the SU on both
sides. The sonic frequency currents run through the device without trans-
formation, and the transformation coefficient with respect to high frequency
is selected depending on the input impedance of the cable insert:

[ Zno
o= ——
n Ze
The inserts can be made of cable of different types having different wave
impedances. Table 7.3 gives the parameters of the cables in the range of
78-120 kilohertz.

Considering the fact that the inserts can be made of cable of four (basic)
types and the overhead lines of wires made of bimetal and steel and also
the fact that for the main feeder and the distributing feeders the SU
devices must be different as a result of different values of the rated
voltages, the number of SU must be equal to 16. However, it is inexpedient
to produce this number of types; it is admissible to limit ourselves to
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four: SU-1 for the main feeder and distributing feeder and SU-2 also for
two types of feeders. TheSU-1 device is presented in Fig 7.5.

Table 7.3
Type of cable MRM VTSP PRPPM MPVG-1000 ORG-3000
Z, ohms 207 150 105 108 54
Figure 7.5. SU-1 matching device Figure 7.6. SU-2 matching device

The matching element here is an overhead automatic transformer L. In order
that the automatic transformer be able to operate normally, its high
frequency circuit must be closed. However, it is impossible to short the
center leads of the ends of the coil, for in this case it will be closed
with respect to frequency. Therefore two series resonances L3C3 and L,C,
circuits are connected to the central leads of the coil having low
resistance and carrier frequencies. The coil Ly together with the C1, C2
and L] elements is tuned to frequencies of 78 and 120 kilohertz. The device
simultaneously compensates for the capacitance of the cable imsert. The
SU-1 also, just as the KU, has reduced resistance on the side frequencies.
If we consider that the SU must be included at the input and the output of
the insert, then the shunting effect of it on the side frequencies will
double. This leads to the appearance of nonlinear distortions (Kp). If

in the transformer Ly we make four pairs of symmetric leads at 50, 100, 150
and 200 ohms, in this case better matching is achieved and the harmonic
coefficient Kp decreases. The SU-2 device (Fig 7.6) must not be universal,
just as the SU-1 with leads, for on variation of the resistance of the
inserts not only must the transformation coefficient vary, but also values
of L and C. Therefore SU-2 is a wide band device and is designed only for
matching the main feeder or the distributing feeder made of steel or bimetal
and the cable inserts, made of the MRM type cable.

- A steel overhead line is connected to the terminals 1-4; a bimetal line is
connected to the terminals 2-3; the MRM cable is comnected to the terminals
5-6. The matched rated wave impedances are as follows: for the steel
overhead line 750 ohms; for the bimetal 500 ohms; for the MRM cable, 210 ohms.
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When matching the wave impedances of 500 and 210 ohms, only the capacitor Cp
is included; when matching 750 and 210 ohms, the jumper a-b is installed and
both capacitors C] and Cy are used. The rated input impedance of the device
in the "steel" mode at frequencies of 68, 88, 110 and 130 kilohertz is

770+70 ohms; the transmission coefficient is 0.53. Correspondingly, in the
bimetal mode we have 560470 ohms and 0.61. The nonlinear distortions with
respect to the envelope in the SU amount to no more than 0.8%, and the cross-
talk from the direction of the low frequency program on the high-frequency
channels, no more than 70 decibels.

The feeder leads more than 250 meters long are connected to the autotransformer
of the ATO type lead. In accordance with the transmission coefficient of the
ATO; the voltage at the lead is somewhat reduced; therefore it is possible

to use it only in the case where the voltage of the end of the lead remains
sufficient with respect to magnitude. If the voltage is small, it is necessary
either to increase it at the input of the distributing feeder or to use the
DPU., The traveling wave mode must be insured both in the basic direction of
the distributing feeder and at each lead connected to it. For this purpose

at the end of the feeder leads a matching impedance is included equal to the
mean arithmetic equivalent wave impedances:

R = Zas -t Z1mn
= SRNT oD

In order that the low-frequency currents not flow through this resistance

a capacitor is included in series with it (Fig 7.7). The dissipation power

of the resistance is determined by the maximum possible voltages of the two
carrier frequencies at the end of the line, and the operating voltage of the
capacitor, by the peak value of the rated low-frequency voltage in the
distributing feeder, that is, with a low-frequency voltage equal to 240 volts,
the operating voltage is 340 volts; with a voltage equal to 120 volts, the
cagacitor must be selected for a voltage of 170 volts.

1

Figure 7.7. Matching resistance

With direct connection of the matching feeder lead to the basic direction

of the distributing feeder, the matching is disturbed in the basic direction.
Therefore the lead must be connected through the ATO which steps up its

input impedance to the value, the shunting effect of which in the low-
frequency band can be neglected. The connection of several leads to the
distributing feeders can create a high load which leads to a reduction in the
levels of the high-frequency signals in the RF [distributing feeder] section
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at the points of connecting leads and after them. If the feeder lead has
its own lead, it. connection to the first lead is inadmissible even through
the ATO, for between the distributing feeder and the second lead the high-
frequency signals will pass through two devices stepping down the high-
frequency voltage. In such cases it is necessary to redesign this section
of the network. The ATO circuit is presented in Fig 7.8. The automatic
lead transformer was made in accordance with the resonance circuit and in

Figure 7.8. Automatic lead transformer

practice has no influence on the transmission of the sound frequency currents.
This is a four-terminal network which is an autotransformer on high frequencies.
The transmission coefficient of the ATO on frequencies of 68, 88, 110 and

139 kilohertz is 0.44; the input impedance is 2000 ohms. In practice for an
input impedance of the feeder lead equal to 600 ohms, the input impedance

of the ATO with the lead is about 2500 ohms, which corresponds to the minimum
input impedance of the loaded subscriber transformer. .The transformation
coefficient with respect to high frequency is selected calculating that at
the end of the lead the voltage level will be no less than 3 volts. The
crosstalk interference from the low-frequency program on the high-frequency
channels in the ATO is negligibly small.

7.5. Band-Elimination Devices

The band-elimination devices include the band-elimination filters which pre-

vent the transmission of the currents of high-frequency programs to the

TPV network elements in which crosstalk interference could be formed between

programs. The ZFM filters enter into the composition of the devices for

connecting the transformer substations from the main feeder side and the ZFR

filters, from thedistributing network side. They prevent the penetration of

the high-frequency signals into the windings of the feeder transformer. The

filter diagram is presented in Fig 7.9. 1In order to eliminate the effect of
- the KRF device, the ZFK filter is included in front of it. In the KRF boxes

there are detecting circuits which can create significant crosstalk. The

ZFK does not transmit the high-frequency signals to the input of the box.

The ZFZ filter is installed at the transformer substation at the input of

the outdoor public address feeder; its load is the powerful loudspeakers

fed by the currents of the low-frequency program. In order that the public

address feeder not create additional load for the high-frequency currents,

it is connected to the common buses of the transformer substations through

a filter.
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In order to limit the range of the low-frequency programs, the ZFO restriction

filters are installed on the distributing feeders.

This is necessary in

cases where the damping at the end of the feeder exceeds the admissible

norm, and the installation of an intermediate amplifier is inexpedient.

The

inclusion of this filter makes it possible to increase the voltage of the
high-frequency programs before the filter and, therefore, the effective
operating length of the line increases.

All of the indicated filters are identical with respect to electric circuitry.

The normalized resistance at the input terminals of the band-elimination

filters is as follows:

on carrier frequencies 8000 ohms; on side frequencies

72, 84, 114 and 126 kilohertz, 2500 ohms.

7.6.

Devices for Connecting Transmitters

The outputs of the low-frequency amplifier and the two high-frequency trans-
mitters must be connected to a common load -- the wire broadcast network.
The addition of low frequency and high-frequency signals on a common load
must be realized so that the energy losses of the signals of each channel

will be minimal.
be excluded.
- circuits.

for connecting one main feeder.

The UPP-1 circuit diagram is presented in Fig 7.10.

In addition, mutual influence between the channels must
These functions are performed by the UPP transmitter connection

It is used
In the case of supplying several main

feeders the inputs of the UPP are connected to the signal source in parallel.

- The UPP has three inputs:

1-2 for supplying program I; 3~7 for supplying

program II; and 4-7 for supplying program III; 5-6 -- the output of the

device, to which the PV [wire broadcast] is connected.

The high~frequency

programs are fed to the feeder lines through a common high-frequency trans-

former Ly, Ly with transformation coefficient n=l:1 or n=1:3.
L enters into the circuit tuned to the carrier frequencies of 78 and 120

The inductance

kilohertz, which is insured by the circuit having resonance on both carriers

for each transmitter.

Inasmuch as the output impedance of the transmitter

is small for the currents of another program and the resistance of the
capacitors C4 and C5 is small, the program II transmitter turns out to be

loaded on the LlC306 circuit tuned to its carrier.

The transmitter of
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Figure 7.10. UPP-1 transmitter connecting device
Key:
- 1. Feeder transformer
2. to the feeders
3. 78 kilohertz
4, 120 kilohertz

program III is loaded on the LjC4 circuit tuned to its carrier. The inductance
Lo is divided into two equal parts included in the wires of the output circuit.
If the load of the UPP is connected through the cable input, then its
capacitance can be compensated by a decrease in capacitor C3. The series
resonance circuits L4C; and L4Cy tuned to 78 and 120 kilohertz prevent the
occurrence of crosstalk in the low-frequency amplifier and energy losses of

the signals of the high-frequency programs in the winding of the feeder
transformer. In order to decrease the mutual modulation the transmitters are
- specially connected. The output transformer of each transmitter has two
secondary windings, to each of which the load is connected. The windings are
connected in counterseries to each other so that the current of the other
transmitter on passing through these windings will create mutually compensating
magnetic fields in the tape recorder of the output transformer, that is, no
voltage drop summed for these windings will occur, and the transmitters will
not influence each other. The UPP device with transformation coefficient of
n=1:1 has the following parameters: resistance on the carriers of 480 ohms;

on the side frequencies it is reduced to 370 ohms; the transmission coefficient
is equal to 0.95, the output voltage is 120 volts. Only one feeder can be
connected to the device. The damping introduced by the UPP is 1.5 decibels.
The UPP with n=3:1 has the following parameters: resistance on the carrier
frequencies of 400 ohms; on the side frequencies, 280 ohms. The transmission
coefficient 0.37, output voltage 35 volts, that is, up to 10 feeders can be
connected to it.

In practice with joint operation of the UPTV-200 transmitters on common load
there is mutual influence and the harmonic coefficient of the envelope can
reach 3 to 5%, and the crosstalk interference will increase to =50 decibels.

The mutual effect is caused basically by the transmission of part of the
circuit current of the UPP through the transmitter of the adjacent channel.
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In addition, the device increases the amount of high-frequency radiation as

a result of asymmetry with respect to voltage relative to ground. It has a
relatively low efficiency, insufficient amount of suppression of the high
order harmonics occurring in the powerful low-frequency amplifier and falling
in the frequency band of the high-frequency channels.

The UPP-2 device has higher quality indexes and will permit more efficient

use of the transmitter power. It is a six-terminal network in which the
addition of the signals of the low-frequency amplifier and the transmitters
takes place by the scheme in Fig 7.11. The overhead lines are connected to

the UPP-2 by the cable input, the capacitive resistance of which is compensated
by the elements of the device. The electric circuit diagram of the UPP-2

is presented in Fig 7.12. The main element of the circuit is the four-
element loop with resonance frequencies of 78 and 120 kilohertz which does

not load the transmitter with the reactive component of the current on the
carriers. The resonances are determined by the inductance of the winding

3-6 of the transformer Tp; and the elements C44~C53, Lgs C54-Cs¢. The capac-
itance of the cable input recalculated for this winding Tp] is compensated

by the loop. The parallel capacitance of the loop is made in ths form of a
battery of cdpacitors, which makes it possible to compensate for any capaci-
tance from 0 to 5600 picofarads. The four-terminal network included between
the points 2-7 of the Tpj; and the terminals 1-2 to which the feeder transformer
is connected (FT), eliminates its influence, prevents nonlinear interaction

of the signals of the three programs in the FT and suppresses the products

of nonlinearity of the powerful low-frequency amplifier.
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o- I 2 5 % 0 o
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epeiamyun
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Figure 7.11, Circuit diagram of the transmitters and low-frequency

amplifier
Key:
1. Low-frequency amplifier 5. 78 kilohertz transmitter
2. FTR 240/960 transformer 6. 120 kilohertz transmitter
3. UPPy transmitter connection device
4, Main feeder
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Figure 7.12, Schematic circuit diagram of the UPP-2
Key:
1. Feeder transformer
2. Transmitter
3. Main feeder

The series L4C22—C and LgCq4-C4y circuits have very low resistance on the
frequencies of the Righ—frequency channels; the high-frequency currents of
the useful signal flow through them and the load. The dissipation inductance
of the Tp; is compensated by tuning these circuits to frequencies of 84 and
124 kilohertz. 1In order to suppress the harmonics from the low-frequency

- amplifiers in the frequency bands of 68-88 and 110-130 kilohertz, the parallel
L3C18-C21 circuit and series L}C;-C37 and L)Cy4=Cq; circuits are used.

As a result of the spurious capacitances of the windings of the feeder trans-
former FT, asymmetry of the circuit occurs. The grounding of the midpoints
of the coil Ly through the capacitor C33 and the windings 3-6 of Tp; made

it possible significantly to decrease the asymmetry of the circuit from the
direction of the terminal 5-6 on frequencies of 150-600 kilohertz and to
reduce the emission of the carrier frequency harmonics. The capacitors
C42C43 decrease the magnitude of the currenmt of the low-frequency channel
flowing through the transmitters.

The parameters of the device are the following: input impedance on carrier
frequencies 500 ohms, input impedance under complex load in the frequency
band of 68-88 and 110-130 kilohertz, 250 ohms, asymmetry with respect to
"ground" on the carrier frequencies 5%; in the frequency band of 150-600
kilohertz 20%; the harmonic coefficient of the envelope 0.5%, the suppression
of the nonlinearity products of the low-frequency amplifier 38 decibels,
the crosstalk from the low-frequency channel 74 decibels.
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7.7. Transformer Substation Switching Devices

= The carrier voltages on the common buses of the transformer substations

must be 20 to 30 volts. Great attenuation on these frequencies in the
feeder transformer does not permit us to obtain the required voltage. In
addition, in the feeder transformer between the high-frequency and low-
frequency programs crosstalk occurs. Therefore, for transmission of high-
frequency programs from the main feeder to the distributing network to the
bypass of the feeder transformer special connection devices are included
which match the input impedance of the distributing network to the wave
impedance of the main feeder. The application of several types of comnecting
devices is possible: UPTP-1, SUTP-2, SUTP-3, UPTP-3.

A diagram of the UPTP-1 is presented in Fig 7.13. The high-frequency currents
do not run to the feeder transformer as a result of inclusion of the ZFM

and ZFR band-elimination filters in the circuit. These themselves partially
exclude the spurious modulation of the carrier frequencies by the low-
frequency program currents. The circuit includes the OUTP bypass, but it

does not insure complete matching inasmuch as it is loaded on the inconstant
magnitude of the resistance between the TP [transformer substation] buses.
Distortions of the envelope occur at the 0Sh which can reach 4%. When
installing a device of this type significant level gradient of the high-
frequency programs is possible, and also its properties depend on the polarity
of the inclusion of the feeder transformer. The indicated deficiencies

limit the application of the UPTP-1.
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Figure 7.13. UPTP-1 device for connecting the transformer substation
Key:
1. Main feeder
2. ZIFM
3. Feeder transformer
4, ZFR
5. To the STR
6. OUTP
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Figure 7.14. SUTP-2 transformer substation matching circuit
Key:
1. Main feeder
- 2, Feeder transformer
3. To the STR

The circuit diagram of the second SUTP-2 device is presented in Fig 7.14.

In order to transmit high-frequency voltages a resonance high-frequency
transformer is used, the windings of which are included in series with the
windings of the feeder transformer. The latter turns out to be shunted by
the LC circuits tuned to the carrier frequencies. As a result of this,
more complete matching of the main feeder regime is insured. The inclusion
of the SUTP-2 makes it possible also to compensate for the capacitance of
the cable input to a value of 4000 picofarads. However, the transmission
coefficient and input impedance of the device also depend on the load. The
SUTP-3 device presented in the circuit in Fig 7.15 is recommended for use
in the case of feeding the main feeder of several transformer substations.
The operation of the circuit is analogous to the above-described device and
has the same advantages and disadvantages. If each of the several trans-
former substations fed from one main feeder is connected to it through the
UPTP-1 or the SUTP-2 devices, disturbance of the matched regime of the
feeder takes place, for each section of it, in addition to the latter, turmns
out to be loaded on two parallel connected loads: the transformer substation
and the subsequent section of the main feeder. This common load differs
from the wave impedance, which leads to the appearance of standing waves in
the main feeder. As a result of the application of the SUTP~3 device the
section of the main feeder turns out to be matched.

The UPTP-3, the circuit diagram of which is presented in Fig 7.16 is more
improved. Here the feeder transformer is included in series with the high-
frequency transformers LjLy. The primary winding of the transformer Ljp
together with the C2, L; and C; elements forms a circuit having current
resonances on the carrier frequencies. The magnitude of the capacitance Cp
is selected equal to 4000 picofarads. Since it includes the capacitance
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of the feeder Cmain fee

included between the terminals 1-2 must have a capacitance of

C1=4000-(Cpain feedertCdistributing feeder), that is, this device solves the
problem of compensating the capacitance of the inputs. For .equality of
the capacitance of the main feeder and the distributing feeder the maximum

capacitance of the input which can be compensated is 2000 picofarads.

] . "o

. oo VR . /3
'_ R L i (1)4_';
. . L Py ~ 3¢, o
U4 o xerp
a @
P v, ]
)

Figure 7.15. SUTP-3 transformer substation matching circuit
Key:
1. Main feeder
2. To the STR
3. Feeder transformer
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Figure 7.16. UPTP-3 device for connecting the transformer
substation
Key:
1. Feeder transformer
2. To SIR
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The ST [feeder transformer] bypass is insured by resonance shunting circuits

for the main L3C3 element; L4C4 and for the distributing element L5C5;

LgCge For reduction of the high-frequency transformer to some constant

value, the cilrcults are used for reduction of the TsPN78 load (Rp, Lg, C7.

Cg) and TsPN120 load (R, Lg, L1g> Cg, Cig). In the frequency band of its

own channel each of them has a resistance of about 50 ohms, and in the band

of the adjacent channel, the very high resistance. The load of the high-

frequency transformer for the carriers is determined by three parallel-included

resistances: the common resistance of the RF, the total capacitive resistance

of the cable inputs of the RF and the series-connected resistance of the

reduction circuit and some calculated resistance Zy. The capacitive

- resistance is compensated by the corresponding decrease in the capacitance Co.

' The remaining resistances taken together must equal a defined value in order
that the input impedance of the loaded UPTP be 600 ohms. The total resistance
of the RF [distributing feeder] depends on the number and the input impedance
of each of them. It is different for 78 and 120 kilohertz. The total
resistance of the reduction circuit and Zy for each TP [transformer substation]
and each carrier is calculated so that it together with the complex
resistance of the actual load will make up an active resistance of 50 or
35 ohms. For this purpose, the resistances Zy are included between the
terminals 9-10 and 11-12, the magnitude of which is calculated by formulas.
For reduction to 50 ohms Zy=2500/(Zosh-50). For reduction to 35 ohms,
Zx=(117-Zogh)/ (Zggh~35) times 15, where Zosh 1s the total load resistance

- on the common buses of the transformer substation. The reduction to a value
of 35 ohms is used in the case of a large number of distributing feeders and
low input impedances (as a result of high density of the distributed load)
where the reduction to a value of 50 ohms turns out to be insufficient. In

- order to insure constancy of the input impedance of the loaded UPTP in both
cases the secondary winding of the transformer L7 has leads.

The device has the following parameters: the input impedance on carrier
frequencies of 600 ohms, on side 68 and 110 kilohertz no less than 460 ohms;
on 88 and 130 kilohertz no more than 820 ohms; the transmission coefficient
under load at 50 ohms of 3.6 with load at 35 ohms, 4.55; the harmonic
coefficient caused by the envelope distortions does not exceed 1.0% when
operating on the rigid load of 50 ohms and on the complex load reduced to
rated by means of the TsPN circuit.
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CHAPTER 8. TUNING AND MEASURING THE PARAMETERS OF THE DEVICES, THE LINES
AND THE CHANNELS FOR THREE~PROGRAM WIRE BROADCASTING

8.1. General Information

All of the TPV station devices come from the plant tuned. Before putting
them into operation they must be checked for correspondence to the technical
specifications, that is, it is necessary to carry out the acceptance testing.
In addition, in the operating process it is necessary to perform the
measurements after ropairing the equipment, periodic, operative (monitoring),
emergency, when processing the lines, when detecting the damage points, and
so on. The periodic operating measurements of the basic quality indexes of
the high-frequency channels and all the devices (except the GT) must be made
no less than once a year. It is mandatory to perform the measurements after
repairing the equipment and line structures. The basic quality indexes to
be measured must include the following: sensitivity, output power, frequency
characteristics, harmonic coefficient, crosstalk between channels, ratio

of the signal voltage to the background and noise voltage.

The measurements on the linear part of the channel include also measurement
of the carrier frequency voltages in different sections, the recording of
the level diagram on the distributing feeders, measurement of the total

z input resistances on the main feeder, at the transformer substation, the
distributing feeders and the three-pair GPTP networks. Such indexes as the
input impedances of the devices and improvement of the output level of the
voltage on disconnecting the load in the transmitters, the DPU and GPTV
must not be measured, for they are caused by an electric circuit.

Measurements are taken when processing the lines: voltages at various points
of the channel, wave impedances and capacitances of the cable inserts and
inputs. The high-frequency devices are tuned directly under actual

operating conditions.

When checking the correspondence of the electrical variables of the devices
and channels to the norms at the given time, periodic tests are run. They
include the following: measurements of electric variables of the trans-
mitters, the DPU, GT, GPTV, measurements of the quality indexes of parts of
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the channel made up of the transmitter input and the actual transmitter

load (UPP input), the transmitter input and the transformer substation

(the common STR buses), the transmitter input and the subscriber radio point
of the network fed from the GPTV.

The operative measurements are taken by the operating personnel in order to
check the operating conditions of the devices and the channels of the TPV
system. They included the following: monitoring the transmitter loads,
monitoring the voltages of the high-frequency programs at the transformer
substations, monitoring the modules of input resistances of the main feeder
and the distributing feeders on the carrier frequencies.

The emergency measurements are taken in order to determine the nature and
the place of the damage in the devices and the channels of the systenm.

- A procedure is presented below for taking the measurements and methods are
) given to eliminate some of the failures of the TPV equipment. Inasmuch as
the tuning of the transmitters, receivers and DPU is carried out by the
instructions presented for them, it is inexpedient to present the tuning

procedure here. At the same time, a series of high-frequency devices can
be made locally and tuned directly during processing of the networks; there-
fore, a brief procedure for tuning them is presented. In the book methods

- are given for taking electrical measurements on the line part of the TPV
channels and also measurements of the quality indexes of the high-frequency
channels and sections of them. For the measurements on the TPV networks
introduced into operation, it is necessary to reduce as much as possible
the level and feed time of the measurement signals inasmuch as they can be
heard by the subscriber. It is necessary to check out the tested section
in advance on a frequency of 100 hertz weakly perceptible here and with low
signal level.

It must be noted that none of the industrially manufactured generators of
standard signals can be used during the measurements as the source of AM
signals, for they have increased harmonic coefficient, increased frequency
distortions, AC current background and insufficient accuracy of setting the
frequency. Therefore it is necessary to use the TPV transmitter, modulation
attachment or tested signal pickup as the signal source.

In order to decrease the errors in measuring the voltages of the high-
frequency channels it is necessary to read the measured variables by the
voltmeters and level indicators in the righthand side of the scale.

8.2, Electrical Measurements of the Transmitters

The procedure for tuning cthe UPTV-200 is indicated in the "instructions
for tuning and adjusting the UPTV-200" [20], but the acquired experience
makes it possible to present it in improved form.

1. Before feeding a signal to the input, the RU regulator must be set to
the maximum position, and the "depth of modulation" and "control signal"
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regulators, to the middle position., The "carrier suppression" regulator is
used to take the carrier suppression and the "hlgh-frequency level" regulator
to set the output voltage Uy, 1=105 volts. Then the "carrier suppresszion"
regulator is used to set theoutput voltage of the carrier frequency Ugyt =12 v.

2. The signal with a frequency of 1000 hertz and voltage of Uinp 1=0.78 is
fed to the input. The "control signal" regulator is set to the position
close to maximum. The "stepped modulation™ regulator is used to set the
modulation coefficient m=70%4., Here the output voltage of the carrier fre-
quency must be equal to U,,: 3=120 volts.

For more accurate tuning after item 1 of this section it is necessary to
send the signal to the input of the transmitter with a frequency of 1000
hertz and a voltage of Ujnp 2=0.4 volts (-6 decibels). The "controlling
signal" and "stepped modulation" regulators are used to set the output
voltage of Uyyr 4=105 volts with a modulation depth of m=40%. Then it is
necessary to perform the measurements in accordance with item 2.

The output voltage of the carrier frequency can be measured also in the
"high-frequency monitoring" jack of the powerful module.

The methods of measuring the electrical characteristics are presented for
the UPTV-200 transmitter, but in the majority of cases they are also
applicable to the UPTV-60 and UPTV-400 transmitters.

The transmitter measurements are taken by the circuit presented in Fig 8.1
at one of two outputs (points 1-2, 3-4). The load resistors Rj and R2 of
144 omms each are made of wire or tape with high resistance.
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Figure 8.1. UPTV-200 transmitter measurement circuit
Key:
1. oscillator; 2. transmitter; 3. IP; 4. KPU; 5. INI; 6. oscillograph
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The voltmeter V, which controls the output voltage is connected through a
divider to the points A and B to obtain the reading in the righthand side of
the scale. The potential end of the voltmeter is connected to the point A;
the screen 1s connected to the point B. The data from the divider resistors
are as follows: R3=6470 ohms, wattage 6 watts; R4=430 ohms, 0.5 watts;
Rg=100 ohms, 0.5 watts.

The resistors Rg=20 kilohms, 2 watts and R7=150 ohms, 0.25 watts form the
divider for connecting the interference meter.

The depth of modulation is established using the EO-~1 oscillograph connected
to the voltage divider RaR4R5. A voltmeter which reacts to the mean value
of the measured voltage (or KPU) must be used as the instrument V2. When
measuring the voltage of the AM oscillations, the voltmeter readings depend
on the nature of the measured voltage. The mean peak and operating values
of the AM voltages are equal to the following respectively:

: = s Va=V, (L4 m)
v%f) E;y.neq (35 u.necéa)"k n”.

= V 2/2.
.VA(S) Vg. HeS 6)1 +m /

Key: 1. mean; 2. mean carrier; 3. peak; 4. peak carrier; 5. effective;
6. effective carrier

From the formulas it follows that in order to determine the voltage of the
carrier by the voltmeter readings it is necessary to know the depth of modula-
- tion exactly. This fact excludes the application of the voltmeters of peak
and effective values for measuring the effective value of the carrier frequency
voltage with variable level, for there are no instruments for exact measure-
ment of the depth of modulation in the TPV system. The mean value of the AM
voltage is equal to the mean value of the carrier frequency and does not
depend on the depth of modulation (for m<l). The voltmeter which reacts to
the mean value of the measured voltage and is calibrated in effective values
E of the sinusoidal voltage, indicates the effective value of the carrier fre-
quency voltage on feeding the AM voltage to its input. The most widespread
voltages, for example, V3-13, are close to the mean value voltmeters, although
this is not stipulated in the technical specifications. Therefore, before
using the electronic voltmeter in the transmitter measurements it is necessary
to be convinced that the given voltmeter does not react to the presence of
modulation and its depth. The voltmeter tests are run using the modulation
attachment MP. The effective value of the carrier voltage at the output of
the MP does not depend on the presence or depth of modulation. The carrier
frequency is selected equal to 120 kilohertz, the modulating frequency is
selected at 6 kilohertz, m=707%. The voltmeter connected to the measurement
scale 3V, is connected to the output of the MP. The output voltage switch
of the attachment is set to the position 4 B. The continuous output
voltage regulator of the MP is used to set a voltage equal to 2.9 volts
according to the voltmeter scale. Then the step attenuator of the low-
frequency oscillator is used to reduce its output voltage by 30 decibels
and the voltage U; is read according to the tested voltmeter. If the condition
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((2.9-U1)/2.9)10053% is satisfied, the voltmeter 1s suitable for measuring
the effective value of the carrier voltage of the AM oscillations.  The
analogous tests are performed when setting voltages of 1.0 and 1.5 volts
on the same scale of the voltmeter. The output voltage of the transmitter
Ugyt=KU ‘

out 25 Where K = Rs+Ri+ Ry = 13.2'

R,
that is, Ugye=13.2 U,. Rt

During the test process it is necessary to monitor the anode current of the
output stage of the transmitter, comparing it with the rated value. For

all of the measurements, with the exception of checking for the output power
and sensitivity, the operative level regulator RU must be in the 0 decibel
position, and the "depth of modulation" regulator in the position correspond-
ing to the rated output voltage of the transmitter at 120 volts with output

of a rated voltage of 0.775 volts with a frequency of 1000 hertz to its
input. :

In order to measure the regulating characteristic, the signal with a frequency
of 1000 hertz is fed to the transmitter input and the values of 0, 0.01, 0.05,
0.1, 0.2 and so on to 1.1 of the rated value of the input voltage are set
successively. The readings of the voltmeter V2 are picked up in this case.

It is expedient to construct the adjustment characteristic on a logarithmic
scale, taking the rated value of the input and output voltages as O decibels.

The magnitude of the output voltage of the carrier in the absence of a signal
at the transmitter input determines the depth of regulation of the carrier:
p 2)
11 ,.=20|gﬂ*'—§—‘—~, decibels,
& T U

Key: 1. reg; 2. 1 out; 3. interval

where U; out 1s the output voltage corresponding to the rated voltage;
Utransmitter 1s the output voltage in the absence of a modulating signal
at the transmitter input, that is, in the transmission interval.

If the regulation characteristic does not correspond to the normalized
values, then it is necessary to correct it using the "carrier suppression"
and "control signal" regulators. For this purpose in the absence of a low-
frequency voltage at the transmitter input it is necessary to set the
"carrier suppression" regulator to the position in which the carrier voltage
is 0.1 of the rated value. Then a 1000 hertz voltage equal to half the
rated value, that is, about 0.4 volts, is fed to the transmitter input, and

- the "control signal" regulator is fed to the position in which the rated
value of the carrier frequency voltage will appear at the output of the
transmitter.

In order to determine the sensitivity and the output power, the operative
level regulator RU must be set to the 0 decibel position, and the "depth of
modulation" regular, to the position corresponding to the maximum sensitivity.
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A signal with a frequency of 1000 hertz, m=70% of the value such that the
rated output voltage will be set at its output, is fed to the input of

the transmitter. Using the input attenuator and the sensitivity regulator

of the KVU instrument, a rated voltage is set at its output, and the harmonic
coefficient is measured. The magnitude of the input voltage for this
measurement corresponds to the sensitivity with respect to the low-frequency
input of the transmitter. If the sensitivity is below the norm, it must be
regulated using the adjustable regulator, and if necessary, the tubes in the
modulator must be replaced.

If the output power does not correspond to the norm, then it is necessary
to check the operating conditions of the tubes and replace them if necessary.

o -
o—-_@ _
B R

r my

(2 (1)

Figure 8.2. Measuring the modulus of output impedance of the
transmitter
= Key:
1. transmitter
2. oscillator
3. KPU

The modulus of the total output resistance of the transmitter for the signals
of the adjacent high-frequencing channel is measured in accordance with the
schematic in Fig 8.2. When measuring, the master oscillator is disconnected.
The measuring frequencies for the transmitter of channel II are as follows:
114, 117, 120, 123 and 126 kilohertz; for the transmitter of chamnel III
they are: 72, 75, 78, 81 and 84 kilohertz. The output impedance is

UzR

Ur

where Uy is the voltage drop on the output resistance of the transmitter
measured by the KPU in the "voltmeter" mode; Ug is the voltage dropped on
the standard resistor in the amount of 10-30 ohms. This resistor must be
nonreactive, and its resistance is measured by the DC bridge with an error
of no more than 1%. :

In order to measure the frequency characteristic, a voltage of 0.1 of the
rated value is fed to the transmitter input; the measuring frequencies are
as follows: 50, 100, 200, 400, 1000, 2000, 4000, 6000, 8000 and 10000 hertz.
Using the KPU voltmeter the voltage is measured at the transmitter output.
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The frequency characteristic of the transmitter usually does not vary during

the entire operating time with the exception of the case of damage to the

parts or the mounting (breaks, closures, and so on). If the characteristic

nevertheless turns out not to be at the norm, then for improvement of it it

1s necessary first of all to replace the tube Ly in :he UNCh [low-frequency -

amplifier], and then check the correctness of tuning of the circuit connected

to the cathode circuit of the left side of the tube. The resonance frequency

of this circuit must be equal to 8 kilohertz. The harmonic coefficient with

respect to envelope is measured on a frequency of 1000 hertz with a voltage

of the input of 0.1 of the rated value, and on frequencies of 120, 200, 400

and 1000 hertz, for values of the input voltage of 0.3 and 1.0 of rated; at

frequencies of 2000, 3000 and 4000 hertz, at the rated output voltage of the
- transmitter. For subsequent measurement, the input voltage is decreased by
the amount corresponding to the predictions in the transmitter channel.
Initially a voltage with a frequency of 1000 hertz is fed to the input of
the transmitter, and the rated levels are set at its output and the output -
of the KPU. The measurements for a value of 0.1 of the rated input voltage
are made in the "noise" position. With an increase in the nonlinear distor-
tions with respect to the envelope above the norm, it is difficult to
recommend any defined measures for reducing distortions, for the reasons -
causing an increase in K; can be different. The distortions can arise in
all stages of the transmitter, including the master oscillator. Therefore -
when finding the failures it is necessary to be guided by some general
principles. First it is necessary to disconnect the carrier suppression using
the "carrier suppression" regulator, and the "control signal" regulator is
set to the position for which the low-frequency voltage will not reach the
right half of the tube Lp. If the distortions are eliminated, this means
poor filtering at the output of the rectifiers (tubes 112 and 116). If the .
distortions do not diminish and predominance of even harmonics is observed,
it is necessary to give attention to the nature of the increase in distortions
with an increase in depth of modulation. If the distortions increase
smoothly, :beginning with 30 to 407 depth of modulation, it is necessary to
replace the first tube in the low-frequency amplifier, check the state of
repair of the filter parts 51, 52 and 53 and the stabilovolt 37. If the
distortions increase sharply with modulation above 60%, and the distortions
appear in the form of truncation of the envelope at the top, then it is
necessary to check the operating conditions of the tubes 66, 80 and 83 and
if necessary, replace them. If a sharp increase in distortions is connected
with rounding of the sine curve at the bottom of the envelope (in the
depression of the modulated signal), these distortions occur either in the
modulator or in the terminal stage. Of course, other causes of the occurrence
of nonlinear distortions are possible, but the above-enumerated ones are
encountered most frequently.

In order to measure the background and noise voltages it is necessary to
calibrate the sensitivity of the KPU with respect to the carrier level in
the transmission interval. The depth of regulation of the carrier must
correspond to the norm. In order to increase the accuracy of the measurement
it is possible to use the effective value voltmeter (for example, type V3-5),
connecting it to the output of the KPU. It is necessary to feed a signal
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with a frequency of 1000 hertz to the input of the transmitter and set the
rated level with m=70% at its output, and also to set the rated output

level at the output of the KPU with respect to the V3-5 voltmeter. Then

it is necessary to pick up the signal and connect the resistor with the
resistance equal to the resistance of the signal source to the output of the
transmitter. Including the corresponding filters in the KPU, the background
and noise voltage are measured by the V3-5 voltmeter. The signal/background
ratio and the signal/noise ratio in decibels are defined by the formula

U
= rated
Dbackground (noise)_zo 1g .

Ubackground (noise)

The increase in background level can be caused by failure of parts of the

R filters 51, 52, 53, 65, and 71 or failure of the tube Lj. However, more
frequently the norm with respect to the background level is not met as a
result of damage to the shielding of the input circuits of the transmitter.
It is possible to detect the location of poor shielding only by practical
methods, disconnecting circuit after circuit in series, beginning with the
primary winding of the input transformer 8.

In order to measure the harmonic voltages (second, third, fourth, fifth,
seventh and ninth) of the carrier frequency it is necessary to use an
interference meter with battery power supply. The rated signal level with
a frequency of 1000 hertz, m=70% is set at the output of the tramsmitter.
The relative level of each harmonic is

o Wk mou(2 ) s
= 20 L. Bty “decitels,.
Y —A'(,l’) L e KUr () st

Key: 1. harmonic; 2. output rated; 3. harmonmic

where Upytput rated 18 the rated voltage of the tranmsmitter; Uparpmopic 18

the harmenic voltage, microvolts measured by the interference meter;
K 1s the division factor of the divider:

C " RiRye. noex (1) '
Key: 1, mes. interference

where Rpeg interference 18 the input impedance of the interference meter.
When measuring the harmonic voltages at the output of the transmitters

in operation, it was established that the voltages of the fourth, fifth,
seventh and ninth harmonics are 10 times less than the voltages of the
second and third harmonics. Therefore, if for the measurements the level of
the second and third harmonics correspond to the norm, it is not necessary
to take the measurements on other harmonics. If the harmonic level does
not correspond to the norm, it is necessary to check the symmetry of the
arms of the output stage of the transmitter.
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8.3. Electrical Measurements of the Group Receivers

The GPTV measurements are made for each channel individually with connection
as the reslstance load of 36 ohms and a power of 25 watts to the correspond-
ing output of the receiver. It 1s necessary to consider the measurements
correct which are taken directly from the transmitter which will feed the
programs to the GPTV. Here the transmitter and the receiver must be in the
"work areas" connected by the real processed line. In this case the quality
indexes measured at the output of the receiver must correspond to the norms
for the channel. If it is impossible to use the transmitter, it is

necessary to perform the measurements with the MP attachment or test signal
sensor.

_ Before measuring the qualitative indexes the receiver must be in the on state

- for 30 minutes with actual broadcast transmission or with feeding of the
signal modulated by a frequency of 1000 hertz to its input for which the
output voltage reaches 7 volts.

In order to avoid failure of the GPTV the voltage of the measuring signal
at its input must not be more than 8 volts.

With the exception of the crosstalk the quality indexes are measured by the
scheme in Fig 8.3. The sensitivity of the receiver is determined (with the
automatic gain control on) by the input voltage of the carrier frequency with
frequency modulation of 1000 hertz and depth of modulation of m=70%, with
rated output power and position of the level regulator corresponding to the
maximum output level. If the receiver has lowered sensitivity, this is
caused by explicit failure of it inasmuch as usually the GPTV has significant
reserve with respect to sensitivity. It is necessary to check the DC condi-
tions of the high-frequency amplifier and also the state of repair of the
filters.

The output power is checked with feeding of the AM signal to the input with
frequency modulation of 1000 hertz and m=70%. The rated output power
corresponds to an output voltage of 30 volts with harmonic coefficient
exceeding 3.6%. If the receiver does not give a power of 25 watts, it is

- necessary to check the conditions with respect to DC and AC current of the
stages of the low-~frequency amplifier.

When picking up the frequency characteristic the depth of modulation is
established within the limits of 30-50% and it is kept constant on all
measurement frequencies. The measurements are performed with the automatic
gain control off. On a modulating frequency of 1000 hertz a voltage of
7.75 volts is set at the output of the GPIV, which corresponds to the 0 decibel
division with respect to the voltmeter scale. The frequency characteristic
is picked up by the decibel scale. 1In the high-frequency range the
characteristic can vary as a result of failure of the filters. It is
possible to restore it either by tuning the filters or by some decrease in
blocking capacitance at the detector output. The low-frequency trough can
be caused by a decrease in the amplification coefficient with respect to
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the current of stage I of the low-frequency amplifier (Fig 5.7).

It is necessary either to replace the tramsistor in the stage or increase
the separating capacitance Cj4. The harmonic coefficient is measured with
the automatic gain control off on modulation frequencies of 100, 200, 1000
and 4000 hertz. Here a carrier frequency of 100 millivolts is fed to the
input, and the rated output voltage of 30 volts is established by the level
regulator at a frequency of 1000 hertz. On a frequency of 1000 hertz
Kharmonic is also checked with the automatic gain control on and with the
carrier voltage down by 6 times (m=45%).

ind oy I fiod
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Figure 8.3. GPTV-3 measurement circuit

Key:
1. G3-33 5. EOj oscillograph
n 2. G3-34 6. AG
3. MP 7. EOj oscillograph
4, GPTV
— A. .
i R 19
. N Nes L’ I':t‘-'.. 5 [Ij‘lj g | 2y
Figure 8.4. Measuring the background and noise in the GPIV
Key: :
1. ML
2. GPIV

The nonlinear distortions on the low and middle frequencies occur, as a
rule, only in the low-frequency amplifier, and this is connected with
disturbance of the operating conditions of the preliminary stages (a
reduction in the amplification coefficient of the transistors) or with
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overload of the terminal stage. It is necessary to be convinced of the
good repair of all transistors of the powerful low-frequency amplifier, It
is not recommended that the depth of feedback be changed with the exception
of the case where generation on high frequencies occurs with the load
disconnected. Then it is necessary to decrease the feedback somewhat. The
distortions on the higher frequencies can occur as a result of bias of the
frequency characteristic of the filter.

In order to measure the DC background and the natural noise of the receiver,
the circuit depicted in Fig 8.4 is assembled. The amplitude limiter
suppresses the AM modulation caused by the background. The resistor Ry

of several kilohms increases the internal resistance of the source and
improves the operation of the limiter. The resistors R2, Ry establish the
required input voltage of the GPTV equal to 0.1 of the rated voltage of

the carrier frequency. The KPU is connected parallel to the Ry load of

the receiver and in the "voltmeter" mode, with "background" and "noise"
positions of the filter switch, the background and noise voltages are
measured with the "low-frequency" position of the channel switch.

The background and noise components are estimated by the ratio to the rated
output voltage of 30 volts.

In the case of increased background voltage it is necessary to check the
state of repair of the filtering capacitors and check whether there is a
short circuit in the choke.

The noiseproofness with respect to high-frequency channels is measured by
the circuitry in Fig 8.5. It is necessary to establish a sensitivity of
100 millivolts before the measurement using the adjustable regulator.
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Figure 8.5. Measuring the noiseproofness of the GPTV with
respect to the high-frequency channel

Key:
1. G3-33 3. MP 5. EO oscillograph 7. AG
_ 2. GS-34 4, I switch 6. GPTIV
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The measurement is taken at the output of one channel when feeding an
unmodulated carrier frequency at this channel with a voltage of 10 millivolts
and simultaneously rated carrier frequency voltage of the other channel
modulated by a frequency of 1000 hertz with m=70% to its input. The ratio

of the measured voltage to the rated (30 volts) expressed in decibels
characterizes the crosstalk attenuation between the high-frequency channels.
The harmonic analyzer or KPU is used to measure the interference voltage
components U; on a frequency of 2000 and Uy on a frequency of 3000 hertaz.

The signal/crosstalk interference ratio is determined by the formula

. a0 o
A = 90lg —————, déribels
@. . T R

Key: 1. interference

The attenuation of the low-frequency program signal in the high-frequency
channels is measured by the circuitry in Fig 8.6 using the harmonic analyzer
on frequencies of 1000 and 10000 hertz. One of these frequencies with a
voltage of 30 volts and simultaneously the unmodulated carrier frequency of
the given channel with a voltage of 10 millivolts are fed to the input of the
measured channel. The ratio of the measured output voltage to the rated
(30 volts) expressed in decibels characterizes the crosstalk attenuation of
the low-frequency program on the low-frequency channels. On occurrence of
increased crosstalk between channels it 1is necessary to check the attenuation
of each filter at the frequency of the other channel and the correctness of
the tuning of the high-frequency amplifier circuit. If the filters and cir-
cuits are tuned correctly, this means that the interference is created
between the measuring instruments, and it is necessary to check the correct-
ness of their connection (especially the ends connected to the housing). In-
sofar as possible these wires from all of the measuring instruments must

- converge at one point.

e0%5
- c» '3 - Al
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Figure 8.6. Measuring the noiseproofness of the GPTV from the
low-frequency program
Key:
1. G3-34 3. GPIV
2. G3-33 4, AG
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. In order to measure the range of regulation of the input voltage it is
: necessary to set the adjustable regulator R3 (Fig 5.7) to the maximum
amplification position, to set a voltage of 30 volte at the output and measure
the input voltage of Uinp 1. Then it 1s necessary to set the regulator to
the minimum amplification position (but not to zero) and Increase the input
voltage unt Il 30 volts L8 obtalned at the output. The ratlo of the measured
Unp 2 to Uinp 1 expressed in decibels characterizes the regulation range. -
These measurements are taken with the automatic gain control off.

The range of automatic control is measured with the automatic gain control

on and it is determined by the ratio of imput voltages corresponding to the
output voltages Uy, 1=22-23 volts and Uy,e 2=31-32 volts. If the range of
regulation of the automatic gain control is less than 14 decibels, it is
necessary to decrease the resistor Ry. If the automatic gain control does
not operate at all, then it is necessary to use the tester to check the state
of repair of the diodes and circuits of the automatic gain control., If
switching the automatic gain control on causes the appearance of nonlinear
distortions (the second harmonic), this indicates significant reduction of
the capacitance of the capacitor Cg.

One of the standard failures of the GPTV is breakdown of the transistors in

the DC stabilizer. This breakdown is caused by overheating of the

transistors T4 and T¢ with prolonged operation from the network with increased

voltage (more than 222 volts). 1In this case, in order to decrease the prob-

abllity of breakdown it is necessary to decrease the number of turns of the

secondary winding of the power transformer by 10-15%. It is necessary to

consider that with a reduction in the network voltage to 176 volts the receiver -
must give the rated output power.

8.4. Tuning and Electrical Measurements of the High~Frequency Devices

The tuning of any high-frequency device begins with tuning of its circuits.

In order to tune the series and parallel circuits.it is necessary to assemble

the circuits in Fig 8.7. A series circuit is tuned with respect to mi-imum

voltage on it. For more exact tuning the magnitude of the current flowing

through the circuit must not depend on its tuning, that is, the oscillator T

must be a current generator. This condition is easily satisfied: it is

sufficient to include a resistance, the magnitude of which will be 2 to 3

times greater than the reactive resistance of the inductance (or capacitance) -
on resonance frequency in series in the circuit between the oscillator and
the loop. Usually this resistance is selected equal to 2-5 kilohms. This
circuit is convenient in that the capacitance of the voltmeter in practice
has no influence on the accuracy of tuning the circuit.

The parallel circuit is tuned with respect to minimum current in the =
geperator circuit. For tuning it is more convenient to measure not the

current itself, but the voltage drop created by it on the resistance included

in series with the oscillator. Its magnitude must be several times less -
than the resonance resistance of the loop. As a rule, the voltmeter used -
has high sensitivity, and therefore the magnitude of the resistance is _
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selected equal to several hundreds of ohms. In this circuit the capaci-
tance of the voltmeter also has no influence on the accuracy of tuning the
clreatt. ALL of the elreults are tuned to the resonance frequencies with
toferance ol +0.5%.  Inasmuch ad the hlgh=Irequency devices have symmetrle
tnput and outputs, For the measurement oselllators are used with symuetrle
output. As the voltage meter it is possible to use either the KPU instrument
or the tube voltmeter included through the symmetrizing transformer (EST-1,
SET-10, SET-13).

The basic -indexes characterizing the operation of the devices for processing
the IT network are the moduli of total. input resistances and the trans-
mission coefficient. The first indexes measured by the IKS instrument, the
VIG-3 or a bridge, for example, MPP-300 type.

a) .o b)// ’_' ' , -

"

Figure 8.7. Loop tuning circuits
Key: 1. Oscillator i}

- The transmission coefficient is calculated by the formula

Uoutput device

Uinp device a

The circuits for measuring Zinp and K are presented in Fig 8.8.
2 (Z) o
Hig y:./%u‘- ”:D‘ :
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Figure 8.8. Circuit for measuring high-frequency devices
Key:
1. IKS be Ugye
2. High-frequency device 5. Oscillator
3. Uinp 6. KPU
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When installing several high-frequency devices in the TPV system channel,

the frequency distortions introduced by them can reach 2 decibels altogether.
These distortions must be taken into account when designing the RT network
although they are not normalized for each device individually. The nonlinear
distortions and the crosstalk interference introduced by the high-frequency
devices are small; therefore they also are not normalized and, as a rule,

are no- measured. If the devices are made under workshop conditions, they
must be subjected to tuning and testing. The electric strength and the
magnitude of the insulation resistance are important indexes for the devices.
The electric strength is checked on the all-purpose UPU-IM breakdown devices
after tuning the high-frequency device. The insulation between the terminals
must withstand voltages at a frequency of 50 hertz for 1 minute corresponding
to the technical specifications without breakdown. The resistance of the
insulation of the electrical wiring is measured by a megommeter. Its magnitude
must be no less than the normalized value indicated in Table 8.1 with feeding
of the test voltage between the terminals, the magnitude of which is also
indicated in this table. :

Let us comsider the tuning of several high-frequency devices.

Table 8.1

Test voltage, Resistance and
Terminals subjected to testing kv insulation,Mohms

From the connection to the MF [main feeder]:
Between the terminals 1.5 50
Between each terminal and housing of the 5.0 100
high-frequency device
From the direction of connection to the
distributing feeder:

Between the terminals 0.35 50
Between each terminal and housing of the 2.0 50
_ high-frequency device

Between one end of the secondary winding of the 2.0 50
OUA and the housing

Between one end of the primary winding and one 5.0 100
end of one half of the secondary winding of
the high-frequency transformer of the
UPP

Between one end of the primary winding and one 5.0 100

end of the second half of the secondary winding
of the high-frequency transformer of the UPP

Bypasses
Each loop of the OUA device (Fig 7.1) is tuned to a frequency of 4043 kilo-
hertz. The CjL{Cy loop is tuned by the core of the coil; the C3L2C4 loop

" is tuned by selecting the capacitors. The measurements of the modulus of

the input impedance are made on terminals 1-2 on inclusion of the equivalent
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load resistance to the terminals 3-4. For the OUA-1 device it is 20 ohms;
for the OUA-2 device it is 220 ohms. The modulus of the input impedance

is measured on frequeucies of 68, 88, 110 and 130 kilohertz. It must be

no less than 2000 ohms; the transmission coefficient must be no less than
0.086. In order that the voltage of the high-frequency signals at the output
of the device and the subscriber transformer be summed, it is necessary to
observe correct polarity of connecting the OUA and the AT. For this purpose
it is necessary to assemble the circuit in Fig 8.9. From the oscillator it
is necessary to feed a voltage of several volts at a frequency of 100 kilo-
hertz. This connection for which the voltage gives a larger reading is
considered correct.

War

.,
T2~

Figure 8.9. Bypass measurement circuit
Key:
1. AT subscribe~ transformer

Compensation Devices

Inasmuch as the capacitance of the capacitor Cy is selected as a function
= of the compensated capacitance of the cable insert or input, when adjusting
the compensators (Fig 7.4) this capacitance is disconnected. The L1Cy loop
- is tuned to a frequency of 37.8 kilohertz; the LyCs loop, to a frequency of
101 kilohertz. These loops connected in parallel are tuned to the frequency
which is within the limits of 89 to 92.5 kilohertz. When connecting the
capacitactor Cg=4000 picofarads, the moduli of the input impedances are
measured which must be no less than 5000 ohms on the carrier frequencies,
1100 ohms on side frequencies and 73, 83 and 115 kilohertz, and 1600 ohms
on 125 kilohertz.

Matching Devices

The state of repair of the autotransformer (Fig 7.6) can be checked by
measuring its inductance using the low-frequency bridge. For this purpose
the capacitors must be excluded, connecting the ends of the windings to
each other. The total inductance Lj_4 must be 8.76 millihenries. For
short circuit leads 5-6 it must be no more than 0.125 millihenries. The
resonance frequency of the circuit formed by all of the series connected
windings and capacitors C]1-Cj, must be 15.3 kilohertz. The frequency of
the loop formed by the windings II, IIIL, IV and V and the capacitor Cy
must be 26.4 kilohertz.
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The modull of the input Impedances and the transmission coefficient are

- measured in two modes: in the "steel" mode on the terminals 1-2 with

- short circuit terminals a-b and in the "bimetal" mode on terminals 2-3 on
inclusion of only the capacitor Cy in the circuit. The load resistance is
210 ohms. These variables are measured on frequencies of 68, 88, 110 and
130 kilohertz. 1In the "'steel” mode Zynp must be 770470 ohms, K is 0.53+0.04.
In the "bimetal" mode Zjnp is 560+70 ohms and K is 0.61+0.05 respectively.

The inductance of the autotransformer of the ATO lead in Fig 7.8 is also
checked without a capacitor. It must be 16.6 millihenries on terminals 1-2.
For the short circuit leads 3-4 this inductance must be no more than

1.7 millihenries. Then the capacitor is connected, and the tuning of the
series circuit to a frequency of 19.1 kilohertz is checked. The modulus of
the input impedance is measured on frequencies of 68, 88, 110 and 130 kilo-
hertz. The terminals 3-4 are loaded to an active resistance of 480 ohms.
Zinp must be equal to 2000 ohms. The transmission coefficient is measured
on connection of a load resistance of 600 ohms, and it must be equal to
0.44+40.03.

Band-Elimination Filters

The tuning of the band-elimination filter circuits (Fig 7.9) is checked
according to the circuitry in Fig 8.10 for short circuit terminals of 3-4.
The LC; loop is tuned to a frequency of 120 kilohertz; the LCy loop is tuned
to a frequency of 78 kilohertz. The modulus of the input impedance is also
measured for short circuit terminals of 3-4. It must be equal to the follow-
ing: 8000 ohms on the carrier frequency; 2500 ohms on the side frequency.

"~ s «

Figure 8.10. Band-elimination filter measurement circuit

UPTP-1 Devices for Connecting the Transformer Substation (Fig 7.13). Initially
it is necessary to tune the band-elimination filters by the above-indicated
procedure and the OUTP bypass. Each of the loops of the OUTP bypass is
tuned to a frequency of 5843 kilohertz. Then the modulus of the input
resistance of the entire device is measured in three modes: from the direc-
tion of the terminals 3-4 with short circuit terminals of 1-2; from the
direction of the terminals 5-6 for short circuit terminals 7-8; from the
direction of the terminals 1-2 for short circuit terminals of 3-4 and 5-6
and with the resistor of 60 ohms connected to the terminals 7-8 (for the
UPTP-1 device). The transmission coefficient is measured on the input
terminals 1-2 with the resistor of 60 ohms connected to the terminals 7-8.
The results of the measurements must correspond to the values in Table 8.2.
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Table 8.2
T T T Frequency, kllohertz
Name of indexes 68 78 88 110 120 130
Z3_y4» ohms 2000 7000 1200 1200 7000 2000
K5_g, ohms 200 450 150 150 450 200
Zy_9, Ohms 480 to 6G0
K 0.28+0.03

UPTP-3 Tuning (Fig 7.16). The state of repair of the high-frequency transformer
is checked by measuring its inductance which must be equal to 0.8 millihenries.
Here the L3jC3 and L,C, circuits must be short-circuited. When measuring the
scattering inductance the L5C5, LgCg circuits and the Ly winding are enclosed

by a jumper. The inductance must be no more than 0.125 millihenries. Then

the tuning of the circuits is tested: LjCj to a frequency of 100 kilohertz,
L3C3, L5C5 to 78 kilohertz, L4Cy, LgCq to 120 kilohertz.

The CyLgCg two-terminal network has voltage resonance on a frequency of
78 kilohertz and current resonance at 120 kilohertz. The two-terminal network
CyLgC 0L is tuned as follows: initially the Cyglig circuit is tuned to
78 kilohertz. Then the entire circuit is tuned by the core of the coil Lg
with respect to the voltage resonance to 120 kilohertz. The transmission
coefficient and input impedances of the entire device are measured in two
modes: jumpers on the secondary winding Ly are set to the 35 ohm position.
- The terminals 3-4, 5-6, 9-10 and 11-12 are open. The 35-ohm resistor is
connected to the terminals 7-8. The parameters of the device must in this
case correspond to the values in Table 8.3. In the second mode the jumpers
in L7 are set through the 50-ohm position. The terminals 3-4, 5-6, 7-8 are
open. The terminals 9-10 and 11-12 are closed. The load of the device is
the TsPN network.

Table 8.3
Frequency, kilohertz
Name of index 68 78 88 110 120 130
Z, ohms 460460 600+60 820460 580460 600+60  770+60
- K 4.55  4.55
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The parameters of the device must correspond to the values in Table 8.4.

Table 8.4
Frequency, kilohertz
Name of index 78 120
Z, ohms 600460 600+60
- K 3.56 3.56

UPP-1 Transmitter Connection Circuit (Fig 7.10). The ~ircuits of this device
must be tuned to resonance on the following frequencies: L3Cy at 78 kilo-
hertz, Lty al 120 kilohertz, Lty ot 120 kilohertz and L C ¢ at 8 kilo
hertz. For measuring the device with transformation coefficient 1:1 for
processing the main feeder the capacitor C3 must be transferred to the
terminals 5-6 to which the load resistance of 600 ohms is comnected. In the
- given case the capacitor C3 simulates the capacitance of the cable insert
equal to 5600 picofarads. The capacitance of the insert is transformed
through the transformer L1Ly and it detunes the LyC3 circuit. The connection
of the capacitance to the load makes it possible to check the scattering
inductance ip the transformer and the capacity of the device to compensate
the capacitance of the insert or the input. During measurement of the UPP
for the distributing feeder with transformation coefficient of 3:1 a load of
60 ohms and a capacitor with a capacitance of 5600 picofarads are connected
to the terminals 5-6. The capacitance C3 is discomnected from the circuit.
When measuring the input impedance on frequencies of 68, 78 and 88 kilohertz
- the measuring device is connected to the terminals 3-7, and the terminals 4-7
. are connected by a jumper. In order to measure the transmission coefficient
on these frequencies the oscillator and the device for measuring the input
voltage are connected tc the terminals 3-7. The output voltage is measured
on the terminals 5-6. When measuring the input impedance and the transmission
coefficient on frequencies of 110, 120 and 130 kilohertz, the oscillator and
the instrument are connected to the terminals 4-7, and the terminals 3-7 are
- connected by a jumper. The measured parameters must correspond to values
in Table 8.5. The accuracy of measuring the wave impedance on carrier fre-
quencies must be +50 ohms, aud on the remaining frequencies, 70 ohms.
The accuracy of measuring the phase angle on all frequeucies must be +10°.

- Table 8.5
R ‘ (2) VI pan dngepos
Hanuerosamue uamcrpaﬁmm (3) | pacnpenemuaro(")
noKasareneft (5) ® vacror, xTu N
€8]

63 | 78 | 88 | 110} 120 130] 68 | 78 | 88 | 110 120| 130
(6)° Z, Ox | 310f 420 410] 420 480| 40| 30 | 400 S00f 400| 350 280

9° 4-50[+10| —5/4-40| 0 |—15{—40; 0 {—30;+-20]—10{—30

K - 0,95:+0,15 ' 0,37:+0,05

Key: 1 -- name of indexes; 2 -- UPP for feeder; 3 —- main; 4 -- distributing
5 -- and frequencies, kilohertz; 6 -- Z, ohms
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8.5. Electrical Measurements of Intermediate Amplifiers

The quality indexes of the DPU are measured by the circuit in Fig 8.11. 1In
order to avoid failure of the circuit elements, the voltage of the measured
signais at the inpul of the DPU with the position of the double regulators

corresponding to the maximum amplification must not exceed twice the value

of the actual sensitivity.

-

e e @i e [
L 3: M il TR A N PP
@ resy o v . =
RN Gl s X gt

Figure 8.11. DPU measurement circuit

Key:
1. G3-33 5. Kpu
2. G3-34 6. AG
3. M 7. EOy oscillograph
4, DPU

The measurements are taken on connection of a load resistance of 400 ohms to
the input of the high-frequency channel: Pgcatter=4 watts. The DPU is
tested in the rated mode (Uyy,¢=20 volts) and maximum mode (Uout=28 volts).

In order to determine the sensitivity a carrier frequency is fed to the DPU
input modulated by a frequency of 1000 hertz, and m=70%. The rated output
voltage is set at the output of the amplifier. It is measured by the KPU in
the "voltmeter" mode. In this case Kp [Kharmonic] must correspond to the
normalized value. The magnitude of the input voltage corresponds to the
sensitivity of the DPU. The output power is calculated for rated and maximum
modes.

The frequency characteristic is measured for the rated mode using the KPU
(in the "receiver" mode) on frequencies of 1000, 4000, 5000 and 6000 hertz.

If the output power or the frequency characteristic turn out to be not in

the norm, then it is necessary initially to construct the high-frequency
circuit of the first stage of the amplifier and then tune the input and output
band-elimination filters.

The harmonic coefficient is measured in the maximum mode on modulation fre-
quencies of 1000, 3000 and 4000 hertz. The rated voltage is established

at the output of the KPU, and the harmonic analyzer performs the measurements.
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It is also necessary to make the measurement on a frequency of 1000 hertz
with a modulation depth of 45% and carrier voltage decreased by 10 times
with respect to the maximum mode. In the case of noncorrespondence to the
norm of the harmonic coefficient it 1s necessary to check the operating
condlcions of the transistors with respect to direct current. In order to
measure the background of the alternating current and the natural noise of
the amplifier, the circuit in Fig 8.4 was assembled. By using the resistor
Ry at the input of the DPU a voltage is fed equal to 0.1 of the value of the
actual sensitivity of the amplifier. The KPU is connected parallel to the
load of the DPU, and the background and noise voltages are measured in the
"voltmeter" mode in the "background" and "noise" positions. :

The noiseproofness from the adjacent high-frequency channel is measured by
the circuit in Fig 8.12 on a modulating frequency of 1000 hertz with a modu-
lation depth of 70%. The "frequency" switch of the oscillator No 2 is set
to the position x1000; the output resistance switch is set to the 5 ohm
position. The voltmeter is switched to position 2, and the voltage at the
frequency of the tested channel equal to 0.1 of the value of the actual
sensitivity is established at the output of oscillator No 2. Then the
voltmeter is set to position 1, and by its readings the signal voltage equal
to 3 times the value of the actual sensitivity of the measured channel of
the DPU is set at the output of the modulated oscillation source. By the
readings of the KPU in the "voltmeter" mode the level regulator of the
_ influencing channel at the output of the DPU is used to set a voltage of

20 to 28 volts. Then the KPU is switched to the "receiver" mode and the

crosstalk noise level is measuned. In the case of increased crosstalk it is

necessary to check the tuning of the output band filter.

The frequency characteristic is measured in the low-frequency channel fre-
quency band by the circuit in Fig 8.13 on frequencies of 400, 1000, 2000,
4000, 6000, 8000 and 10000 hertz.

’ ~ 4
- (1) . ™ \G n .
13-33 '| (3) O -
A B M 20
—~ R

13-34

J . Any Kny

2 mrr) S

N 7 W

Figure 8.12. Circuit for measuring the noiseproofness of the DPU.

Key: (1) GA-33 master oscillator (4) DPU
. (2) GZ-34 master oscillator (5) Kpu
(3) Mp
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Figure 8.13. Circuit for measuring the frequency characteristic

of the DPU
Key:
1. Oscillator 4, 800 ohms
2. 100 ohms 5. Kpu
3. DPU 6. UU

The output voltage of the oscillator must be monitored using the IU-600

or UUP-600 type level indicators. When using the GZ~34 oscillator the
constancy of the output voltage on the indicated frequencies can be
monitored using the voltmeter of this oscillator with included internal

load and the 5-ohm position of the output resistance switch. The voltage

of the amplifier load is measured using the KPU in the "voltmeter' mode. The
resistances of the resistors are indicated in the circuit for the case where
the DPU is designed for installation of the lines made of <teel. If the DPU
is installed on the bimetal line, then the resistors simuiating the output
resistance of the source must have a value of 50 ohms each, and the load.
resistor, 200 ohms. For deviations of the frequency characteristic from

the norm it is necessary to check the tuning of the low-frequency filter.

8.6. Electrical Measurements of the Lines

The voltages of the carrier frequencies on the line part of the channels
are measured by the lineman's indicator or the KPU instrument in the absence
of transmission. The presence of a broadcast transmission with respect to
any other program does not interfere with the measurement. The carrier
voltage at the inputs of the UPP is measured on buses connecting like
terminals 3-4 of each of two groups (Fig 7.12) on connection of a real load
to the outputs of the UPP, A signal is fed to the input of the transmitter
from the measuring oscillator on a frequency of 1000 hertz, a rated level
of 0 decibels and duration to 10 seconds. The voltage of the carrier at the
inputs of the distributive feeder is measured, commecting the instrument to
the contacts of the holders of the discharges of any feeder on the face of
the STR bay. Before the measurements it is necessary to set the rated depth
of regulation of the carrier on the transmitter. The measurements are
taken in the interval, that is, with output voltage of the transmitter
10 times less than rated. The measured voltage is multiplied by 10, and
the result obtained must be the normalized value. The voltage of the carrier
- on the distributive feeders and their leads is measured approximately every
300 meters, reckoning from the end of the feeder (or the end of the lead).
It is necessary to take the measurements at the points of inclusion of the
high~frequency devices: compensating, matching and other and also at the
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input and output of the intermediate amplifiers. Before the measurements

the "carrier suppression" regulator of the transmitter is set to the position
corresponding to the carrier voltage equal to half the value of the rated
voltage. The voltage i1s measured on the RF [distributing feeder] and
multiplied by 2. The result obtained corresponds to the rated transmitter
mode and can be compared with the normalized values of the voltages. The
measurements of the voltages on the distributing lines reflect the true
level diagram only under the condition that the carrier voltage at the trans-
former substation during the measurement remains unchanged, that is, if the
lines are disconnected at the OUS or TP. 1In order to construct the level
diagram on the RF the voltages obtained are converted to absolute levels

and decibels. The total resistances and their moduli are measured during

the break in broadcasting by the IKS instrument. The element, the input
impedance of which is measured is disconnected from the output of the pre-
ceding element. The measurements are taken on frequencies of 74, 78, 82,
116, 120 and 124 kilohertz. When measuring the input impedances of the
distributing feeder (Fig 8.14) the fuses of the measured feeder on the STR
bay are removed, and the feeder input is conmnected to the Z, terminals of

the instrument. The measured value is the total input impedance of the
distributing feeder Zj,p, and the capacitance Ck of the cable lead-in parallel
to the input. The magnitude of this capacitance is measured by the IKS
instrument with the lead-in disconnected from the overhead line and common
buses. It is sufficient to measure Cy of one lead-in, for with identical
structural execution the capacitances are equal for all lead-inms.

.M)' T e (3)
—e : -
rinnsndVAYAY, : N o=
o e % _ (Zf PONE (6)

- [w]
ol ‘ R

Figure 8.14. Circuits for measuring the input impedance of lines
at the transformer substation

Key:
1. MF [main feeder] 5. Distributing feeder N1
2. MF input 6. Distributing feeder N10
3. STP 7. 1IKS
4. STR

The input impedance is calculated by the formula

a = — .QMo
Zyy = 0y
Key: 1. inp; 2. meas; 3. ohms. - “®M¥(2)
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When measuring the load resistance of the transformer substation the instru-

ment is connected to the contacts of the discharger holders of any distributing
- feeder. The doors of both cells of the STP bay, just as In the preceding

case, must be open., The common buses of the distributing feeder are dis-

connected from the UPTP output in this case.

When feeding the transformer substation with reserve with respect to the
high-frequency programs this is obtained automatically for the armatures of
both contactors in the released state. In the absence of a reserve it is
necessary to disconnect the outputs of the UPTP filters from the common buses
of the distributing feeders before the measurements. The measured value is
the total impedance of all distributing feeders and capacitances of the cable
lead-ins Z;. In order to determine the total resistance of the parallel
connection Z,., of all of the distributing feeders without the capacitances
of lead-ins, for example, in the case of using the UPTP-3 device where the
value of Zx is found by the value of Z,.,, it is necessary to use the formula

Zom=’ ",l : oOM"-
L) -Z-‘-—ian‘ (2
: P}

Fey: 1. Zygn; 2. ohms

Here n is the number of distributing feeders at the given transformer sub-
station (excluding the feeder for the outdoor public address system FUZ,
which must be processed by a band-elimination filter). When measuring the
input impedance of the transformer substation from the high-voltage side the
- lead~in of the main feeder is first disconnected from the overhead wires
(Fig 8.14). All of the distributing feeders must be connected to common
buses. If the transformer substation has reserve feed with respect to all
programs, the measurement is repeated twice: once with the lead-in and the
UPTP of the feeder A (basic), another time with the input and UPTP of the
feeder B (reserve). When measuring the basic complex, the contactor of
cell B of the STP scale must be in the nonoperating position ard the door
of this cell is open. The IKS instrument together with the Zx terminals
connected to it by two identical inductance coil Lj and L2, the comnection
point of which is grounded, are connected to wires running to the UPTP
input (in cell A of the STP bay). The IKS housing must be grounded. Then
_  the armature of the contactor in cell A is mechanically fixed in the pulled
position, the door of this cell is closed and measurements are taken. When
measuring the complex B the procedure is analogous. The induction coils
are designed to protect the operator and the instrument in the case of
random contact of the wires of the distributing feeder and the electrical
network wires. Their resistance to currents of measuring frequencies of
the IKS is several kilohms and has no influence on the measurement result.
These coils are made locally using a ferrite core of the NM-2B30 type with
magnetic permeability M=2000, 75 turns and an inductance of no less than
9 millihenries.
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The moduli of the total input impedances of the main feeders on frequencies
of 78 and 120 kilohertz are measures of the input terminals of the UPP
through which the given line is fed. The transmitters and other UPP are
disconnected from the terminals. The terminal 7 is grounded by the require-
ments of safety engineering. During the measurements on a frequency of

78 kilohertz the IKS is connected to the terminals 3-7 of the UPP; the
terminals 4-7 are connected by jumper. For measurements on a frequency of
120 kilohertz the instrument is connected to terminals 4-7, and terminals 3-7
are closed.

The moduli of the input impedances of the pairs of 3-pair house networks are
measured on a frequency of 400 hertz. The input of the measured pair is
disconnected from the corresponding terminals of the GPTV and are comnected
to the Zy terminals of the IKS instrument.

8.7. Electrical Measurements of Quality Indexes of High-Frequency Channels
and Parts of Them

On the parts of the "transmitter input and actual transmitter load (UPP_ input)"
channel and the "transmitter input and transformer substation (common buses

of the STR)" channels the frequency characteristics, the harmonic coefficient
with respect to the envelope and the magnitude of the crosstalk interference
from the adjacent transmitter are measured.

On the "transmitter input and subscriber radio point of a single pair house
network” chamnel the frequency characteristics, the harmonic coefficient,
the magnitude of the crosstalk interference from the low-frequency channel
and from the adjacent high-frequency channel are measurad. The measurements
must be taken with respect to every high-frequency channel at two subscriber

- points of each transformer substation fed from different distributing
feeders. During periodic measurements the number of subscriber points
subject to measurement is selected from the calculation of H=N/2000, where
N is the total number of subscribers fed from the given OUS, including the
single program radio point. The points fed from different transformer suh-
stations are selected for the measurement.

On the "transmitter input and subscriber radio point of the three-pair house
network” channel the amplitude characteristics, frequency characteristics,
harmonic coefficient, background and noise voltages and magnitude of cross-
talk interference from the adjacent high-frequency channel are measured.

The measurements are performed with respect to each high-frequency channel
at one subscriber point of the three-pair house network fed by the GPTV.

During periodic measurements, one radio point each out of M three-pair

networks of each OUS is selected for measurements, where M=m/5; m equals
the number of GPIV in the given OUS.
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The part of the high-frequency channel "transmitter input and actual load"

is measured by the circuit in Fig 8.15. The remaining parts of the high-

frequency channels beginning with the transmitter input are measured by the

same circuit, but the KPU and the nonlinear distortion meter, depending on

which channel is measured, are connected to.the output of the transformer sub-
_ station or to the subscriber point.

-
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Figure 8.15. Circuit for measuring the parts of the
high-frequency channel

Key:
1. Oscillator 6. [EO; oscillograph
2. 78 kilohertz transmitter 7. KPU
3. 120 kilohertz transmitter 8. NNM
4, to the 1st UPP 9. EOj oscillograph
5. to the 2d UPP

The parameters of the resistors Ry, Ry, Rg in the given circuit correspond
to the parameters of the resistors R3, R, R5 of the circuit in Fig 8.1.

The indexes are measured at the inputs o? the first and second groups of

UPP connected to the corresponding outputs of the transmitter. The UPP
groups are replaced using the 12 switch. When measuring the remaining high-
frequency sections of the channel the depth of modulation and the carrier
frequency voltage are monitored using the EO; oscillograph and the V)
voltmeter at the output of the UPP group to which the main feeder feeding
the transformer substation and the distributing network where the measure-
ments are taken is connected.

The duration of the sendings of the measuring signal in the sound frequency
spectrum must be minimal. The checking is done by feeding the signal with
a frequency of 50-100 hertz and with a level of 30 decibels below rated
to the input of the transmitter. The presence of the signal at its

- connection point is checked using the KPU.
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The oselllator frequency tuning and settlng of the required levels of
measuring signals must be carried out when loading the osciilator for the
resistor with a resistance equal to the rated input impedance of the trans-
mitter, that is, for position 2 of the switch ;. In order to obtain a
stable value of the output voltage of the oscillator in the frequency band
when connecting it to the input of the transmitter (position 1 or 3 of the
switch 1) the output impedance of this oscillator must be an order less than
the input impedance of the transmitter.

When measuring the sections of the channel it is necessary first to measure
the background and noise level, the crosstalk and then the frequency
cnaracteristic and the harmonic coefficient.

Before the measurerents the sensitivity of the KPU instrument is calibrated
by the carrier level in the interval. This replaces feeding a signal with

a frequency of 1000 hertz to the input of the transmitter to establish the
rated level at the measurement point. For measuring the background and
noise levels the signal source is disconnected from the input of the trans-
mitter of the tested channel and together with it a resistor is connected in
the screen with the resistance equal to the modulus of the output impedance
of the signal source. When taking the readings of the KPU in decibels the
calculation formula for calculating the signal/background and signal/noise
ratio has the form: D=20-(x+y), where D is the signal/background and
signal/noise ratio, decibels; 20 is the depth of adjustment of the carrier,
decibels; x is the value of the reading with respect to the output attenuator,
decibels; y is the instrument readings, decibels.

When measuring the crosstalk interference level, the measuring signal with a
frequency of 1000 hertz, rated level and duration of 5-10 seconds is fed to
the input of the influencing channel. Here the output voltage of the
terminal modules of the equipment is monitored, and if the high-frequency
channel is influencing, then also the modulation depth is monitored. If

the low-frequency channel is influencing, then the low-frequency signal with
rated level is fed only to the transformer substation on the lines of which
the measurements are taken. All of the distributing feeders of this sub-
station must be connected. On the two-element network the measuring signal
is fed only to the distributing feeder on which the measurements are taken.

The crosstalk interference level measurements are taken with the "noise"
position of the filter switch in the KPU. If the interference level exceeds
by less than 6 decibels the noise level and if it is below the noise level,
then the measurement is taken in the 1 and 2 kilohertz positions. In this
case the level of the crosstalk interference is determined by the formula

A, =20+ 200)g 215

V [T T

Uy and U, are the crosstalk interference voltages, volts, on frequencies of
1 and 2 kilohertz.
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When measuring the interference level in the "nolse" position and taking
the readings of the KPU instrument in decibels the interference level is
determined by the formula A;=20 -(x+y), decibels.

I order o menoure the frequency charactorint ey a voltage of 0,25 volts
I8 fed to the input of the transmitter on a frequency of 110, 160, 1000,
3000, 4000 and 6000 hertz. Initlally a measuring signal is fed with a fre-
quency of 1000 hertz for 10 to 15 seconds. The input attenuator and
calibration regulator K are used to set the pointer of the KPU instrument
to the -4 decibel position, with a position of the output attenuator at

0 decibels and the "measurement" position of the calibration switch. Then
the instrument is read successively on all frequencies.

The harmonic coefficient is measured on frequencies of 2000 and 4000 hertz
for the rated output voltage of the transmitter and modulation depth M=70%
and signal duration of no more than 60 s :onds. Measurements are taken in
the "noise" position of the .egulator by ~'e KPU using the nonlinear dis-
tortion meter.

When measuring the quality indexes of the channel with the group receiver,
initially the harmonic coefficient is measured, then the background voltage,
the noise of the crosstalk interference and then the frequency characteristic.
The harmonic coefficient is measured on a frequency of 1000 hertz with rated
voltage at the transmitter output. For the measurements it is possible to
use the nonlinear distortion meter of the S6-1 type connected by the symmetric
input tc the house network. The voltage of the measuring signal can be
monitored by the KPU in the "voltmeter" mode.

Before the measurements of the background, the noise of the crosstalk inter~
ference and the frequency characteristic it is necessary to feed a preset
signal to the input of the transmitter with rated frequency level of 1000
hertz to maintain a value of the amplification coefficient of the GPTV
having automatic gain control. Directly after feeding the preset signal
the KPU instrument is used to take measurements in the "voltmeter" mode with
the channel switch position at low frequency. The duration of the preset
signal is 3 to 5 seconds. The background and noise voltages can be read
for 20 seconds; otherwise the amplification coefficient of the GPTV varies
and distorts the measurement result. The signal, vackground and signal/noise
ratios are determined by the formula
- 2)
I =0lg g2
¢@m (1)

Key: 1. background (nmoise); 2. preset signal
where Uy is the preset signal voltage measured by the KPU; Ubackground and
Uhoise are the background and .oise voltages measured by the KPU in the
corresponding positions of the filter switch.
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Figure 8.16. Circuit diagram of the measuring instrument

connection to the three-pair GPTV network
Key: 1. KPU; 2. program II; 3. program III
In order to measure the crosstalk inierference from the signals of the
adjacent high-frequency channel, the preset signal lasting 1 second is fed
to the input of the transmitter subjected to the effect. By using the
switch 1] a measuring signal lasting 8 seconds is fed directly to the input
of the transmitter of the influencing channel. By using the KPU in the
"voltmeter" mode the interference voltage Uj; is measured, and any voltmeter
with symmetric input or a lineman's indicator is used to measure the voltage
U2 of the influencing signal on the same pair of the three-pair network which
belongs to the influencing channel. Then the points of connecting the KPU
and the voltmeter to the three-pair network change places (see Fig 8.16) and
by using the switch Nlj, the measuring signal is fed to the input of the
transmitter to which the preset signal was fed. The KPU is used to measure
the interference voltage Uy, (for 8 seconds), and the voltmeter is used to
measure the voltage of the influencing signal Uj. The signal/crosstalk ratio
in the two high~-frequency channels is defined by the formulas:

. . u ) _ .g-!‘ . B.
Ay =20lg 5 ’t?; A= 200355 50 A%

Key: 1. decibels

The time diagrams of the voltages at the outputs of the transmitters (in the
measurement process) are presented in Fig 8.17.

In order to measure the crosstalk interference from the low-frequency signals
the preset signal lasting 1 second is sent to the input of the transmitter
subjected to the effect; then the measuring signal is fed for 3 to 5 seconds.
The interference voltage is measured using the KPU. The same method is used
to measure the interference in the second high-frequency channel. The
signal/interference ratio is determined by the above-indicated formulas.

When measuring the interference voltage in the "noise'" position the inter-
ference voltage is read directly by the instrument scale. If the measurements
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Figure 8.17. Time diagrams of the voltages at the
output of the transmitters
Key:
1. 78 kilohertz (or 120 kilohertz) transmitter
2. 120 kilohertz (or 78 kilohertz) transmitcer
3. U, volts
4, t, seconds

are taken in the positions 1 and 2 kilohertz, the magnitude of the ioter-
ference voltage is defined by the formula

e

Uney=V TEF 02, .
- 1 2
Key: 1. interference, low frequency

where Uy and U, are the voltages of the crosstalk (in volts) on frequencies
of 1 and 2 kilohertz.

The preset signal lasting 1 second is fed to the input of the transmitter
to measure the frequency charactoristic, then after 15 seconds, during
which the level is measured, the useasuring signal with a frequency of

1000 hertz and a level of 0.25 volts lasting 5 seconds is fed. The time
diagram of the voltages at the input of the transmitter in the measurement
process for one measuring frequency is represented in Fig 8.18. Using the
KPU in the "voltmeter" mode and in the low-frequency position the signal
level is measured. The measurements are repeated on frequencies of 110 and
6000 hertz with feed of the preset signal at the rated level before each
sending of the measuring signal.
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Figure 8.18. Time diagram of the voltages at the input of the
transmitter
Key:
1. U, volts 3. Preset signal
2. t, seconds 4. Measuring signal
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APPENDIX 1. QUALITY INDEXES OF THE HIGH-FREQUENCY CHANNELS (FROM THE
DRAFT OF OST "CHANNELS OF THE THREE-PROGRAM WIRE BROADCAST
HIGH-FREQUENCY SYSTEMS. BASIC PARAMETERS")

Table I 1.1. Quality Indexes of the Through Channel

Names of indexes Norms
Reproducible frequency band, hertz 100-6000
Nonuniformity of the frequency characteristic, in accordance with
decibels, no more than Fig 3.4
Harmonic coefficient, %, no mcre than, on frequencies
of:
above 100 to 200 hertz 8/4
) above 200 to 2000 hertz 4/2
above 2000 to 4000 hertz 5/2, 5
Signal/background ratio, decibels, no less than 40
Signal/noise ratio, decibels, no less than 55
Signal/intelligible crosstalk ratio, decibels, no 50
less than
Netes:

1. The indexes of the through channel are normalized with the three-program
speaker corresponding to class II of the through channel.

2. The unaltered value of the nonuniformity of the frequency characteristic
ASp can be shifted within the limits of ASy (Fig 3.4).

3. The norms for the harmonic coefficient indicated in the numerator must
be withstood for the rated signal level at the end of the through channel,
and in the denominator for all levels reduced with respect to rated from
6 to 20 decibels, for channels with devices having two-cycle low-frequency
stages.

4. Signal/background ratio; signal/noise ratio; signal/intelligible cross-
talk ratio are normalized in the interval.

- 5. Signal/background ratio is given for the channel with three-program

speaker corresponding to class II of the through channel. For the channel
with group receivers the norm in decibels is no less than 50.
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Table I11.2. Quality Indexes of the Operating Channel and Parts

of It
Norms for the quality indexes of
the operating channel and parts of it
Name of Indexes K ' D w ' 1 &
1 9 | £ 8 1 03
m v 2 o o] ¥ uo
2 N F- RO - N R- SV ¥
o O Og PO Mu (eI TRN V]
) Hu g0 S 000 i
3 0 WHOKRH wHO N W H O N
o ord O# Od"MHOBN OwWwHOU
58 28898 LwBo8b 8503
QL O L BU O
ER:] SHEAED SEO00M DEOSO
B Adodo AGOONHO AGODY
R fEHNDNY HFnuBofA AHBDOO
B H o HOOdU®D HUuBWBO HOUD®ON
Reproducible frequency 100-6000 - 100-6000 100-6000
band, hertz
Nonuniformity of the fre- In accord- - In accordance In accord-
quency characteristic, ance with with ance with
decibels, no more than Fig 3.6 Fig 3.5 Fig 3.4
Harmonic coefficient, 7,
N no more than, at frequencies:
more than 100 to 200 hertz 4.0/2.0 - - 8.0/4.0
more than 200 to 2000 hertz  2.5/1.3 - - 4.0/2.0
more than 2000 to 4000 hertz 2.5/1.3 2.8/1.4 4,0/2.0 5.0/2.5
Signal/background ratio,
decibels, no less than 60 - - 50
Signal/noise ratio,
decibels, no less than 60 - - 55
Signal/intelligible cross-
talk ratio, decibels,
no less than:
from the low-frequency 60 55 53 50
channel
from the high-frequency 60 - 57 50
channel
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APPENDIX 2. EQUIVALENT PARAMETERS OF THE DISTRIBUTING FEEDER LINES

Table N12.1. Equivalent Parameters of the Bimetal (BSM) Circuit
with Wire Diameter of 3 mm

Load -- subscriber transformer TAG-10

. napam-x‘ng ua sacrore 78 xIm | (8) i‘lapasaemu Ha gacroTe 120 X'
'S, %oy (3)] @ | By | . Zw (3) a | Bs

T™P/KK
1) MNORYAD

il R o Ko o i IR il >
633 | 2201 0,76 | 1,59 | 602 | —0°36’ | 0,45 | 2,54
645 | 4°36°| 1,30 | 1,55 506 | —1°12' | 0,65 | 2,57
656 | 7°24'| 1,90 | 1,52 | 588 | —1°42' | 0,85 | 2,51
664 [ 9°48'[ 2,50 | 1,49 | 576 | —1o42' | 1,06 | 2,64
670 [13°121 3,1 | 1,46| 568 | —2718’ | 1,25 2,68
672 16> (3,7 |1,43| 556 |—r24 |1,43]2,71
671 |18°54’ [ 4,40 | 1,41 | 544 - | —3°24’ | 1,61 | 2,74
665 [21°48°| 5,0 | 1,39 531 | —324 [1,8 |2,78

7(9) Harpyaxa—aGonentcxze Tpancopuaropst TAT-25 :

BREREES @

5 | esfuconr| 37 1,44] 621 | 20 |1,65)2.4

10 633 12’12} 7,5 1,37 623 8 - . 13,10]2,44

16 537 |183°25'] 10,8 | 1,40 622 11°30’ | 4,5 | 2,43

20 | 471245°18"| 13,7 [ 1,46 |. 612 | 15°30° [ 6,0 | 2,43

" 25 417 [48°56’) 16,2 | 1,54 559 18°18° 7,4 |2,44
- 30 378 151° 18,4 1,62_ 583 21°48’ | 8,7 | 2,45
Key: .

1. S, tr/km
2. Parameter on a frequency of 78 kilohertz
3. ZBe
4. Modulus, ohms 8. Parameters on a frequency of
5. Angle 120 kilohertz
6. Decibels/km 9. Load -- subscriber transformer
7. Rad/km TAG-25
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Table l12.2. Equivalent Parameters of a Steel Network with
Wire Diameter of 3 mm

Load -~ subscriber transformers TAG-10

~ §(2 Tapamerpu ma wactorax 78 x'y [8) Mapauerpu s wactore 12v M1
20(3) | @ | Bs 7 3 | a | B
HOAYAB MOZYTD g
Pl 1S il ol o N T il ol B
"5 | s20|—6°10' | 3,5]|1,96| 762 | —6°40' | 3,8 3,07
10 | 237|—335° | 4,1}1,91| 750 | —6° 423,10
15 | eso|—0ca3' | 48] 1,85] 70| —5°0" | 4,5]3.13
g0| 2 55(1,80] 70| —5 | 48317
ges| 5° 6,311,755 719 | —40’ | 5,0}3,21
gs7| 7040’ | 7,1} 1,72] 70| —%0- | 6,4]3.%5 -
g62] 1030’ | 7,8 1,67] 700 | —325' { 5,6 | 3,39
40 | 8s5| 14°20' | 8,7|1,62| 60| —325' | 5,8]3,33 .

-9y }larpysxa;asonemme TparcopuaTope TAI-25

S
p/xat
(60

ER8

5 | ss0| 7' | 7,0|1,72| 787-] —315’ | 5,21} 2,63
10 | 7002100 |1,7|1,58] 782 | 050} 7,028
15 | 675{ 222100 |16,0|1,56| 775 | 4°50" | 8,75 2,85
20 | so43mas’ |19,7]1,59| 760| s°25° | 10,7 | 2,84
25 | ss0]40°30° [23.2]1.64] 742 122 |12,3]2,8¢
30 | 515|4220° |25,6|1,70] 720] 15° 14,1 2,83

Key: o
S, tr/km
Parameters on a frequency of 78 kilohertz

ZBe

Modulus, ohms

Angle

Decibels/km

Rad/km

Parameters on a frequency of 120 kilohertz
Load -- subscriber transformer TAG-25

VOO SWN
.« o o e o e o o
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APPENDIX 3. MAXIMUM ADMISSIBLE LOADS OF A STORY (IN POINTS) OF THE
STAIRCASE WIRING LINES

Table I13.1
. Ygeno TOYeK H2 ITaEe, NMONKTOYSHURX K oazol mmRn ﬁ!\‘.ﬂﬂ-“'
- (2') ROR OPODOJKE, 'np! f.8ir%t ] xnfpﬂ:pao:t NPOECAKE, M
. 15 30
ﬂ;rermml mn!m (3) JERA ¥aDIIYROR MPOBOAKA, M
NPOROJIKH, M ©n “N’ ) 3
: [-) (-] [ ©
o : : e ¥ ; (4); e (4); ;4)
‘ clud | Al Al o] &] A | A
Tposox MTBX-2X1,2 (5)
w15 | 6} 6| 6] 6|-6] 6] 6]
>15 no 27 6 b 4 2 6 2 2| — A
>27 » 3B 6] 4 3 2 4 —_ - -—
>3% > 48 4| 2 2| — 2l -1 -=1-
>48 » 60 2 -— — —_ — - - —
w (4) - - - .
.- ~ Tiposop MBYK2,6 (6)
W) po 15 6 6 6| 6 6| 6 6.6
>15027° | 6| 6] 6| 4} 6| 4] 3| 2
T 2723 | 6 6 5 3 5 3 3 2
7 . >%ar4a8 | 6| 4| 3| 2| 3] 2| 2]~
>48 » 60 3! 2 2 | - 2f—-1-1-
) . Tipoox TIB-1,5 (TMB-21,8) (7)"" |
515 (fo) 27 6| 6 6 6 6| 6 6 ¢
>27» 3 | 6 6 6 6 6 6 6 3
>36 » 48 6 6 6 6] 6 6 5 3
>48 » 60 5.5 5 5 5 4 3 2
>60 » 80 4 4 4 3|. 3 2 2 | —
Key: :

Length of the staircase wiring line, meters

2. No of points in a story comnected to one staircase wiring line;
with a length of the residence line, meters

3. Length of attic wiring, meters 6. PVZh-2,5 wire
4, to 7. Pv-1,5 (PPV-2x1,5) wire
5. PTVZh-2x1,2 wire
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RESIDENCE CIRCUIT Lpegs Cp

CALCULATION OF THE INDUCTANCE AND CAPACITANCE OF THE
g AND THE REACTANCES

Xc AND Xp, ON CARRIER FREQUENCIES OF 78 AND 120 KILOHERTZ

Table N4.1

f0=78 kilohertz

fp=120 kilohertz

res

Cres

4170 - -

—_— , millihenries
Clpicofarads]

4170

h

— — , picofarads
Limillihenries]

= 0.49 Liyi11ihenries]® Kilohms

1.95-103 , kilohms

C[picofarads]

282

= 1750 74—, millihenri
Lres 0 C[picofarads]’ milithenries

= 1750 » picofarads

Te
S L[millihenries]
X, = 0.75 Lin11ihenries])? kilobms
- 3 1
XC = 1.33:10 , kilohms
C[picofarads]
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